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* NOTICES * 




JPO and INPIT are not responsible for any ^ ; 1 j *^ 

damages caused by the use of this translation, 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



[Claim(s)] 

[Claim 1] Polish liquid characterized by adding the electrolyte salt which is made to distribute an 
abrasive material particle in an aprotic solvent, and contains the major element in the metal for polish 
further at least in the polish liquid for metal polish. 

[Claim 2] Polish liquid according to claim 1 characterized by said electrolyte salt being the nitrate of the 

major element in the metal for polish, a lead sulfate, a chloride, acetate, or phosphate. 

[Claim 3] Polish liquid according to claim 1 or 2 characterized by for said aprotic solvent being water 

and said abrasive material particle being a mono dispersion globular form particle. 

[Claim 4] Polish liquid characterized by adding a water-soluble organic macromolecule in the polish 

liquid which made water distribute an abrasive material particle. 

[Claim 5] Polish liquid according to claim 4 characterized by the concentration of said water-soluble 
organic macromolecule being less than [ lwt% ]. 

[Claim 6] Polish liquid according to claim 4 or 5 characterized by said water-soluble organic 
macromolecule being a cellulose. 

[Claim 7] Polish liquid given in either of claim 4 to claims 6 characterized by said abrasive material 
particle being a mono dispersion globular form particle. 

[Claim 8] The polish approach characterized by using the polish liquid of a publication for either of 
claim 1 to claims 7 in the polish approach of the metal membrane formed through the insulator layer on 
the semi-conductor substrate. 

[Claim 9] The polish approach which carries out polish clearance of the metal membrane which is in 
either of claim 1 to claims 7 above said insulator layer using the polish liquid of a publication in the 
polish approach of the metal membrane which embedded in this wiring gutter on the insulator layer in 
which the wiring gutter was formed beforehand, and formed membranes, and is characterized by 
exposing the compound front face which consists of said insulator layer and a metal membrane 
embedded in said wiring gutter. 

[Claim 10] In the polish approach of the metal membrane which embedded in this wiring gutter on the 
insulator layer in which the wiring gutter was formed beforehand, and formed membranes The 1st polish 
process which grinds the outline of the metal membrane which is in either of claim 1 to claims 3 above 
said insulator layer using the polish liquid of a publication, The polish approach characterized by having 
the 2nd polish process which exposes the compound front face which consists of a metal membrane 
which ground the metal membrane which is in either of claim 4 to claims 7 above said insulator layer 
succeedingly using the polish liquid of a publication, and was embedded in said insulator layer and said 
wiring gutter. 

[Claim 1 1] The polish approach according to claim 10 characterized by having further the 3rd process 
which washes said compound front face following on said 2nd polish process. 



CLAIMS 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] Especially this invention relates to the polish approach 
at the time of forming wiring in the wiring gutter formed in the interlayer insulation film in detail by 
embedding a metal about the polish liquid used for the polish approach of a wiring material, and there 
among the wiring formation approaches of a semiconductor device, and polish liquid. 
[0002] 

[Description of the Prior Art] Although detailed-ization of metal wiring of aluminum etc. is needed with 
detailed-izing of a transistor, in the wiring formation using dry ECHINGU of the conventional metal 
membrane, wiring dependability degradation by the metal corrosion (metallic corrosion) by etching gas 
poses a problem. Then, the approach of forming embedding metal wiring in a wiring gutter or a beer hall 
attracts attention by forming the wiring gutter and the beer hall to substrate wiring in the interlayer 
insulation film beforehand, growing up a metal membrane all over an interlayer insulation film, 
embedding this wiring gutter and beer hall with an elevated-temperature spatter or a CVD method, and 
removing the metal membrane on this interlayer insulation film by selection polish of chemical 
machinery polish (CMP) etc. Wiring of the metal embedding mold formed of the above-mentioned 
process is called DAMASHIN wiring. 

[0003] There is an advantage that the unification structure of wiring/beer where processing by dry 
etching embedded the wiring metal in the beer hall in which it was formed in self align to application of 
a difficult ingredient and a wiring gutter becomes possible in DAMASHIN wiring. On the other hand, in 
case an elasticity metal like aluminum is ground, we are anxious about the processing irregularity of the 
surface of metal after polish. The description of the surface of metal after such polish receives effect in 
the polish factor with which the property of the polish liquid (slurry) used for the polishing pressure 
force, a scouring pad rotational frequency, a scouring pad degree of hardness, or polish became 
entangled intricately. 

[0004] An example of conventional CMP equipment is shown in drawing 5 . Conventional CMP 
equipment consists of the running torque measurement section and the polish liquid feed zone of the 
polish head and turn table which adsorb a substrate, and a polish head. Actuation of a polish head is 
controlled by the torque signal from said running torque measurement section, and a polish liquid feed 
zone can supply alkalinity (pH> 7) and each neutral (pH=7) and acid (pH<7) polish liquid. 
[0005] An example of a DAMASHIN wiring formation process which used CMP equipment for 
drawing 6 is shown. Hereafter, with reference to drawing 6 , this process is briefly explained in order of 
a process. 

[0006] The lower layer wiring 62 and an interlayer insulation film 63 are beforehand formed on a 
substrate 61 , and opening of the beer hall 64 for embedding a beer plug further is carried out. Then, a 
metal membrane 65 (for example, aluminum) is formed the whole surface on an interlayer insulation 
film 63 ( drawing 6 (A)), the membrane formation technique of this metal membrane 65 — chemical 
vapor deposition (CVD) — although it is possible to use law, a spatter, etc., there is the need of 
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embedding a metal membrane 65 in a beer hall 64 by the good membrane formation technique of 
embedding nature. 

[0007] Next, a metal membrane 65 is ground using the polish liquid for metal polish ( drawing 6 (B)). 
As polish liquid for this metal polish, an acid (about pH=3) alumina slurry etc. is used, for example. The 
polish rate of a metal membrane has the description that generally such an acid polish slurry is large to 
an interlayer insulation film. Terminal point detection of the metal membrane polish in this process is 
performed by carrying out the monitor of the running torque output signal from an actuation control 
section in the polish equipment of drawing 5 . When grinding by seting a rotational frequency constant 
in polish by the acid polish slurry, this will use that the running torque of a polish head goes abruptly up, 
if an interlayer insulation film 63 appears in a polished surface. That is, as shown in drawing 7 , running 
torque goes up with progress of polish, and when the level of the torque signal output set up beforehand 
is exceeded, a metal polish process is ended. At this event, on an interlayer insulation film 13, the metal 
membrane 65 remains in part as shown in drawing 6 (B). 

[0008] Then, a metal membrane 65 and an interlayer insulation film 63 are further ground using the 
neutral silica slurry which distributed the silica particle ( drawing 6 (C)). This neutral silica slurry has 
the description of also grinding an interlayer insulation film to a metal membrane and coincidence. 
Consequently, flattening of the metal membrane 65 which remains on an interlayer insulation film, and 
an interlayer insulation film 63 advances simultaneously. 

[0009] Finally polish liquid is changed from a neutral silica slurry to the alkaline silica slurry which 
added the potassium hydroxide etc., and polish is continued further. Since the polish rate of an interlayer 
insulation film has the large description to a metal membrane, this alkaline silica polish liquid can make 
the plug of a metal membrane 65 project from an interlayer insulation film 63 by continuing polish. 
Multilayer-interconnection structure is formed by performing membrane formation and patterning of the 
upper wiring metal next. 

[0010] The conventional technique expressed above is indicated by JP,8-124886,A. 
[0011] 

[Problem(s) to be Solved by the Invention] The technical problem described below occurred in the 
conventional polish approach described above. 

[0012] First, in the metal polish using conventional polish liquid, there was a problem that a 
deterioration layer remained to the surface of metal after polish. Although the acid slimy which 
distributed for example, the alumina particle is used for the conventional polish liquid for metal polish, 
oxidizers, such as hydrogen peroxide solution, are usually contained in this slurry, and a metal 
hydroxide or an oxide is formed in a surface of metal. That is, progress of metal polish is performed by 
forming a metal hydroxide (or oxide) deterioration layer in a surface of metal at the reaction of the 
oxidizer in a polish slurry, and a metal, and shaving off the deterioration layer of this front face by the 
scouring pad and the polish particle (here alumina particle). For this reason, the surface of metal after 
polish will also be inevitably covered with a metal hydroxide or an oxide. Since the deterioration layer 
of such a surface of metal was insulation in many cases, when it formed the upper metal wiring on the 
metal after polish, it had the problem that connection resistance brought about buildup. Moreover, the 
problem of that part separating and falling depending on the case, and the front face after polish 
becoming less smooth [ the hydroxide (or oxide) formed in this surface of metal ] is caused. If a local 
crevice exists in a metal wiring front face by such peeling, it may disconnect from the field and 
remarkable lowering of wiring dependability will be caused. 

[0013] Moreover, in the metal polish using conventional polish liquid, there was a problem of changing 
polish properties, such as the polish rate, with progress of polish. It depends for the polish property of a 
metal membrane on the state of aggregation of the polish particle in polish liquid greatly. Since the state 
of aggregation of this abrasive material particle changes with the electrolytic concentration and pH in 
polish liquid, the component and metal in polish liquid react with progress of metal membrane polish, or 
if the physical properties of polish liquid change with a metal dissolving into polish liquid etc., a polish 
property will change at the early stages of polish, and a telophase. With conventional polish liquid, since 
the acid slurry for metal polish containing an oxidizer was used, the dissolution of the metal membrane 
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to the inside of polish liquid or its hydroxide is remarkable, and the metal ion concentration in a slurry 
had the inclination which increases with polish progress. Generally, if the electrolytic concentration in a 
slurry increases, the thickness of the electric double layer which exists in the surroundings of an abrasive 
material particle will decrease, and it will become easy to produce condensation of an abrasive material 
particle. Consequently, the technical problem that the viscosity of a polish slurry will increase with 
progress of polish occurred. 

[0014] The above problem is rionavoidable only by only making the polish slurry for metal polish into 
neutrality. This is because there is a problem of the polish rate of a substrate interlayer insulation film 
rising on the other hand, and it becoming impossible to fully take the selection polish nature of the metal 
membrane to an insulator layer, although it is possible to control the dissolution to the polish slurry of 
the metal membrane under polish by making a polish slurry into neutrality. In this case, management of 
a polish process becomes very difficult. 

[0015] This invention aims at improving the dependability of the semiconductor device manufactured 
using a polish process for the purpose of being made in order to solve the above technical problem, 
improving the stability of the polish property in metaled polish, and the selectivity over a substrate 
insulator layer, and preventing blemish generating to a surface of metal simultaneously. 
[0016] 

[Means for Solving the Problem] As a means to solve this technical technical problem, in the approach 
of grinding a metal membrane, water is made to distribute an abrasive material particle and the neutral 
polish liquid which added the electrolyte salt containing the metallic element which constitutes the metal 
membrane which serves as an object for polish further, and the polish approach using this polish liquid 
are offered by the 1st invention. 

[001 7] Moreover, in the 2nd invention, water is made to distribute an abrasive material particle and the 
neutral polish liquid which added the water-soluble organic macromolecule further, and the polish 
approach using this polish liquid are offered. As a water-soluble organic macromolecule in polish liquid, 
a cellulose is usable, for example and, as for the concentration, it is desirable that it is less than [ 1 wt% ]. 

[001 8] As for the abrasive material particle used in these 1 st and 2nd invention, it is desirable that it is a 
mono dispersion globular form particle. 

[0019] Moreover, in the approach of grinding the metal membrane which embedded on the insulator 
layer which has a wiring gutter, and was formed, this invention carries out polish clearance of the 
outline of a metal membrane using the polish liquid by the 1st invention first, and indicates the polish 
approach of continuing further and performing exposure of an insulator layer, and mirror polishing of a 
metal membrane using the polish liquid by the 2nd invention. You may have the process which washes 
the compound front face which consists of an exposed insulator layer and a metal membrane embedded 
in the wiring gutter further after that. 

[0020] (Operation) In this invention, it grinds by dissolving the electrolyte salt containing the metal used 
as the object for polish, or an organic macromolecule in neutral polish liquid. Since the neutral polish 
liquid which is to the bases is only the thing which made pure water distribute polish particles (silica 
etc.) typically, deterioration layers, such as an oxide and a hydroxide, are not formed in the surface of 
metal to grind. In this case, polish advances by direct contact of a metal and a polish particle. In 
addition, strictly, although neutrality means the thing of pH=7, the neutral polish liquid as used in the 
field of this invention is with a pH of about six to eight polish liquid, and is for distinguishing from an 
about [ pH=3 ] acid conventional polish liquid, or about [ pH=9-l 1 ] alkaline polish liquid. 
[0021] In the 1st invention, in case the metal membrane on a semi-conductor substrate is ground, it 
becomes possible to grind without forming in a surface of metal the metal hydroxylation film metallurgy 
group oxide which is an insulator by using the polish liquid which does not add an oxidizer. Moreover, 
it becomes possible to control change of the metal ion concentration in the polish liquid accompanying 
metal polish progress by dissolving electrolyte salts which serve as an object for polish beforehand, such 
as a metaled nitrate, a sulfate, and a chloride, in polish liquid. It decreases by this that the state of 
aggregation of the abrasive material particle in polish liquid changes, and it has an operation that the rate 
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stability of metal polish increases. 

[0022] Moreover, in the 2nd invention, it becomes possible to increase the rate stability of metal polish 
by dissolving a water-soluble organic macromolecule in the polish liquid which does not add an 
oxidizer, and making the abrasive material particle condense beforehand. Furthermore, in order that 
selective adsorption of the water-soluble organic macromolecule may be carried out to the interlayer 
insulation film under a metal membrane and it may form the surface protective coat of the organic film, 
it also has the effectiveness of raising the polish selectivity of the metal membrane to an interlayer 
insulation film. The addition of this water-soluble organic macromolecule fully has that function also in 
minute amount addition of less than [ 1 wt% ] extent in order just to form the very thin organic film in an 
interlayer insulation film front face. 

[0023] Polish advances by direct contact to an abrasive material particle and a metal, without forming 
the metal oxide-film metallurgy group hydroxylation film in a metal polished surface, when the polish 
liquid by these 1st and 2nd invention is used. In such a case, in order to prevent blemish generating of a 
surface of metal, it is very effective to use the mono dispersion globular form particle which does not 
have caking of particles as a polish particle. 

[0024] Moreover, it sets to the formation approach of DAMASHIN wiring which grinds wiring 
Mizogami's metal membrane formed in the interlayer insulation film, and embeds a metal membrane. 
Flattening polish of the parts with a main metal membrane is carried out using the polish liquid which 
added the electrolyte salt of a metal membrane with polish stability high as 1st polish process. The 
polish approach of removing the metal membrane which remains on an interlayer insulation film using 
the polish liquid which added the water-soluble high organic macromolecule of a selection ratio with an 
interlayer insulation film as 2nd polish process succeedingly is effective. The neutral penetrant remover 
which furthermore does not contain an abrasive material as the 3rd process may be dropped, and a 
washing substrate front face may be washed. 
[0025] 

[Embodiment of the Invention] In the gestalt of implementation of the 1st invention, it grinds in the 
polish liquid used for metal polish using the polish liquid which added beforehand electrolyte salts, such 
as a nitrate of the same metal as the metal membrane which serves as an object for polish beforehand, 
and a sulfate, in polish liquid. Moreover, conventionally, although oxidizers, such as hydrogen peroxide 
solution, are added in metal polishing, a surface of metal is oxidized or hydroxy lated and this surface 
reaction layer was usually removed by polish, in the polish liquid of this invention, an oxidizer is not 
added in polish liquid, but a direct metal membrane is ground by the abrasive material in neutral polish 
liquid. It is easy to be the same as before [ the equipment configuration used for polish ]. 
[0026] By the dissolution of the above-mentioned electrolyte salt to the inside of polish liquid, it 
becomes possible to make an abrasive material particle condense to some extent beforehand. This 
controls the dissolution in the polishing liquid of the metal membrane under polish, and lifting of the 
viscosity of the polish liquid by metal ion concentration lifting and fluctuation of polish properties, such 
as a polish rate accompanying it, are avoided. Moreover, the selectivity of the metal membrane polish to 
an interlayer insulation film is simultaneously acquired by condensation of a polish particle. When the 
metal membrane which serves as an object for polish, for example is aluminum as the above-mentioned 
electrolyte salt, an aluminium nitrate, an aluminum sulfate, an aluminum chloride, aluminium acetate, 
aluminium phosphate, etc. are used. Moreover, when a metal membrane is copper, they are a copper 
nitrate, a copper sulfate, a copper chloride, copper acetate, copper phosphate, etc. That is, it is important 
to have dissolved beforehand the ion of a metal membrane used as the object for polish in polish liquid. 
[0027] When the metal membrane used as the object for polish is an alloy, it is most desirable to 
dissolve the metal ions of all the elements that constitute the alloy into polish liquid. For example, when 
grinding an aluminum-Cu alloy, both aluminium nitrate and copper nitrate are beforehand dissolved into 
neutral polish liquid. However, in the case of an alloy which added the other type metal of a minute 
amount to the metal with which the metal for polish serves as a principal component, it is also good to 
dissolve the ion of a basis metal into neutral polish liquid, in general, when the presentation ratio of a 
basis metal is 95% or more, a principal component metal ion is dissolved into polish liquid - being 
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sufficient . For example, what is necessary is to dissolve only the electrolyte salt containing aluminum 
into polish liquid, when the presentation ratio of the copper used abundantly at wiring of a 
semiconductor device grinds about 1 % or less of aluminum-Cu alloy. 

[0028] It is desirable to use a mono dispersion globular form particle without sintering of particles of a 
detailed globular form silica particle with a particle size of 10-300nm obtained as an abrasive material 
particle, for example by the solution layer depositing method (wet method) by hydrolysis of tetraethyl 
silicate (TEOS) etc. In this invention, in order not to add an oxidizer in polish liquid, deterioration 
layers, such as a hydroxide, are not formed in a surface of metal, and direct contact to an abrasive 
material particle and a metal arises. Under the present circumstances, generating of the blemish on the 
front face of a metal membrane can be substantially reduced by using a mono dispersion globular form 
abrasive material particle as an abrasive material particle. Except the above-mentioned detailed globular 
form silica particle, even if it uses oxide particles (respectively particle diameter : lOnm - about lOOnm), 
such as aluminum, titanium, an alumina particle obtained by hydrolyzing the alkoxide of a zirconium, a 
titanium oxide particle, and an oxidization zirconia, the same effectiveness is acquired. In addition, 
although it is also possible to use the silica particle (generally called fumed silica) by the gaseous-phase 
pyrolysis of chlorination silicon as an abrasive material, it is desirable to grind using the mono 
dispersion globular form particle by the above-mentioned wet method from a viewpoint of the blemish 
generating prevention in the case of grinding a soft metal membrane called especially aluminum and 
copper. 

[0029] In the gestalt of implementation of the 2nd invention, the water-soluble organic macromolecule, 
for example, a cellulose, is added to the abrasive material as the another technique of making the 
abrasive material particle condense to some extent beforehand. Organic macromolecules, such as a 
cellulose, stick to the front face of the silica particle which is an abrasive material particle, and have the 
operation which produces the chain of a silica particle in a tangle of a cellulose molecule, and polish 
liquid viscosity increases them as the result. In this case, a silica particle will be in the condition of 
having not condensed directly but having condensed indirectly by tangle of macromolecule chains, such 
as a cellulose. 

[0030] Moreover, organic macromolecules, such as a cellulose, stick to interlayer insulation films, such 
as silicon oxide, and a silicon nitride, a silicon acid nitride, selectively on the substrate for polish, and do 
not stick to the one side metal membrane front face. For this reason, polish of a metal membrane can be 
advanced, an interlayer insulation film front face being covered by the organic poly membrane, and 
controlling polish of an interlayer insulation film, therefore — the polish which uses this polish liquid - 
a metal membrane front face — a blemish etc. — generating **♦♦**-- it becomes possible to grind a 
direct metal membrane without things, and to give the high selection ratio to a substrate interlayer 
insulation film. If the polish liquid which added this water-soluble organic macromolecule is used in the 
polish culmination in which a substrate interlayer insulation film appears, it is effective. Moreover, not 
only metal membranes, such as aluminum, copper, a tungsten, and titanium, but in case such 
effectiveness grinds conductive nitrides, such as titanium nitride and a nitriding tungsten, and metal 
silicide film, such as tungsten silicide and titanium silicide, it is effective. 

[0031] As the water-soluble above-mentioned organic macromolecule, a glycerol, acrylic ester, etc. are 
[ other than a cellulose ] usable. Moreover, as for the abrasive material particle used in the gestalt of 
implementation of this 2nd invention, it is desirable to use mono dispersion globular form particles, such 
as a detailed globular form silica particle by the wet method, for the completely same reason as the case 
of the 1st invention. 

[0032] Hereafter, the example of this invention is explained to a detail, referring to a drawing. 
[0033] 

[Example 1] The wiring gutter was beforehand formed in the interlayer insulation film, after that, 
aluminum-Cu0.5% (800nm in thickness) was embedded, membranes were formed by the elevated- 
temperature spatter with a substrate temperature of 450 degrees C, and the substrate for polish was 
formed. The pressure was set to 4mTorr(s), using Ar as sputtering gas in aluminum-Cu membrane 
formation. Below, the elevated-temperature spatter aluminum-Cu film formed of the above-mentioned 
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process is ground using the polish liquid of this invention, and the example which embedded aluminum- 

Cu in the wiring gutter and which embedded and formed wiring is explained. 

[0034] The polish liquid used by introduction and this example is explained. The preparation odor of 

polish liquid prepared the neutral silica polish liquid which made pure water distribute the particle-size 

globular form silica particle ofJ O^On^ fry tha wet mg^fld h y Atthpad4^ 

silicate (TEOS) as an abrasive material particle in pure water first. Concentration of the silica particle 

used as an abrasive material particle was made into 10wt(s)%. The viscosity of this neutral silica polish 

liquid was 1.07cP(s) (1.07xlO-3Pa-s). The polish liquid used actually was prepared by adding an 

electrolyte salt or an organic macromolecule in this neutral silica polish liquid. 

[0035] As 1st polish liquid, the aluminium nitrate was added in the above-mentioned neutral silica 

polish liquid, and electrolyte addition neutral silica polish liquid was prepared. Aluminium nitrate 

concentration is made into 10-3 - 1 wt% of within the limits, and is 0.5wt(s)% typically. Polish liquid 

viscosity increased to 5.09cP(s) (5.09xl0-3Pa-s) by addition of an aluminium nitrate. That is, by adding 

an aluminium nitrate in neutral silica polish liquid, the silica particle was made to condense beforehand 

and polish liquid viscosity was enlarged about 4.5 times. 

[0036] Moreover, as 2nd polish liquid, the cellulose was added in the above-mentioned neutral silica 
polish liquid, and macromolecule addition neutral silica polish liquid was prepared. Cellulose 
concentration is made into 10-6 - 10-1 wt% of within the limits, and is 4.7xl0-3wt% typically. Polish 
liquid viscosity increased to 5.4cP(s) (5.40x1 0-3Pa-s) by addition of this cellulose. That is, by adding a 
cellulose in neutral silica polish liquid, the silica particle was made to condense beforehand and polish 
liquid viscosity was enlarged about 5 times. 

[0037] The 1st of a more than and the 2nd polish liquid were used, and the substrate for polish which 
has the aiuminum-Cu film on a front face was ground. The used polish equipment is the same as before, 
and uses foaming polyurethane (Rodel Nitta CO.: IC-1000 laminating pad) as a scouring pad. Moreover, 
the speed of supply of 35rpm and polish liquid considered rotational speed of a polish head and a turn 
table as a part for 60ml/. 

[0038] It is drawing showing the effect of the polishing pressure force exerted on a polish rate at 
drawing 1 . Although the polish rate increased with the increment in the polishing pressure force, the 
dependency of an additive kind was not seen mosdy. moreover, drawing 2 - the polishing pressure force 
- 0.4kg/cm2 *♦****-- it is drawing showing the dependency of the polish rate to the cellulose 
concentration at the time of grinding using the 2nd polish liquid. In experiment within the limits whose 
cellulose concentration is 10-6 - 10-1 wt%, the polish rate is fixed at 0.2 micrometer/min, and the 
dependency of the polish rate to cellulose concentration is not seen. As for this, the same was said of the 
case of the 1st polish liquid, and the aluminium nitrate addition dependency was not accepted in a polish 
rate at experiment within the limits whose aluminium nitrate concentration is 10-3 - 1 wt%. As 
mentioned above, it was checked that the aluminum film can be ground by adding an electrolyte salt and 
an organic macromolecule in neutral silica polish liquid beforehand, and making it condense an abrasive 
material particle beforehand. In addition, although the 1st of this invention and the 2nd polish liquid 
were improving substantially as compared with conventional polish liquid, the stability of the polish 
property over progress of polish, for example, the stability of a polish rate, excelled [ direction / of the 
1st polish liquid which added the electrolyte salt and dissolved the metal ion into polish liquid 
beforehand ] in stability. 

[0039] Moreover, apart from polish of the above-mentioned aluminum film, the experiment which 
grinds silicon oxide using the 1st of this invention and the 2nd polish liquid was conducted. 
Consequently, the polish rate of the silicon oxide at the time of using the 1st polish liquid by aluminium 
nitrate addition was about [ in the case of the aluminum film ] about 1/10, and was about about 1/20 
with the 2nd polish liquid by cellulose addition. That is, in spite of having been neutral polish liquid by 
using the 1st [ by this invention ], and 2nd polish liquid, it has checked that the selectivity of the 
aluminum polish to a substrate interlayer insulation film (here silicon oxide) was secured. However, it 
was checked that extent of selectivity is also excellent in the direction of the 2nd polish liquid by 
cellulose addition. 
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[0040] Drawing 3 is drawing [ polish before (immediately after membrane formation) / reflection 
factor / at the time of performing aluminum-Cu alloy film polish using the 1st polish liquid (aluminium 
nitrate addition, concentration 0.5wt%) by this invention, and the 2nd polish liquid (cellulose addition, 
concentration 4.7xl0-2wt%) ]. In addition, polish of a metal membrane performed measurement of the 
reflection factor of drawing 3 in the phase (at namely, the event of the interlayer insulation film not 
being exposed) which advanced to the middle. Compared with the aluminum-Cu film front face 
immediately after elevated-temperature spatter membrane formation, even when which polish liquid is 
used, a reflection factor is larger than drawin g 3 about a maximum of 7%. This is because the surface 
surface smoothness of the aluminum-Cu film improved by polish. When aluminium nitrate addition was 
compared with cellulose addition, near 300nm, compared with amyl nitrate addition neutral polish 
liquid, 10% or more reflection factor had the large reflection factor on the front face of aluminum which 
used cellulose addition neutral silica polish liquid, and it turned out that it excels by the smooth nature 
on the front face of aluminum after polish. In addition, even when changing cellulose concentration, in 
experiment [ 10-6 - 10-1 wt% of] within the limits, it was changeless to the reflection factor of a 
polished surface. 

[0041] Thus, since oxidizers, such as hydrogen peroxide solution added by conventional polish liquid, 
are not added in amyl nitrate addition neutral silica polish liquid and cellulose addition neutral silica 
polish liquid, the metal oxide-film metallurgy group hydroxylation film is not formed during polish in a 
surface of metal. Moreover, since polish liquid is neutrality, a metal membrane does not dissolve in 
polish liquid. F urthermore, blemish generating on the front face of a metal membrane is controll ed by 
using the ver y sfhal l globular form abrasive material particl e. 

[0042] In addition, although it was the aluminum-Cu alloywith which the metal for polish of this 
example contained not pure aluminium but 0.5% of copper in relation to the 1st invention, only the 
aluminium nitrate was used as an electrolyte salt added in the 1st polish liquid. The reason the stability 
of polish property sufficient also by this was acquired is because the content of the copper in an alloy is 
dramatically small. In general, when the content of addition metals other than the principal component 
in an alloy exceeds 5%, it is desirable to also double the electrolyte salt containing the addition metal, to 
add, and to prepare polish liquid. Of course, even when the content of the addition component metal in 
an alloy is 5% or less of minute amount, it cannot be overemphasized that the electrolyte salt may be 
added and polish liquid may be prepared. 

[0043] Moreover, in embedding wiring structure which was made applicable to polish by this example, 
inserting barrier metal layers (for example, several nm in thickness to about several lOnm titanium etc.) 
between an interlayer insulation film and metal wiring is often performed. However, the thickness of 
such a barrier metal layer is usually dramatically thin, and since a barrier metal layer will be ground in a 
polish culmination just before an interlayer insulation film is exposed, fluctuation of the polish property 
by polish of a barrier metal layer does not usually pose a problem. 
[0044] 

[Example 2] In the above-mentioned example 1, even if it used any of the electrolyte salt addition polish 
liquid of this invention, and organic macromolecule addition polish liquid, polish of the stable metal 
membrane and selection polish of the metal membrane to an interlayer insulation film are possible, and 
it became clear that blemish generating in the front face after polish can be controlled. However, the 
difference in a polish property also existed between both polishes liquid, electrolyte addition polish 
liquid won in the stability of the polish property over progress of polish, and it became clear by one side 
that organic macromolecule addition polish liquid was also excellent by the selectivity oyer control and 
the interlayer insulation film of blemish generating on the front face of a metal membrane. If the above 
is taken into consideration, electrolyte addition polish liquid fits the activity at the flattening polish 
process from the early stages of polish. It is the process which this process carries out flattening of the 
irregularity on the front face of a metal membrane, and removes many parts of the metal membrane on 
an interlayer insulation film, and the stability of a polish property is searched for most. Moreover, the 
organic macromolecule addition abrasive material is suitable for the activity at the mirror-polishing 
process which removes a subsequent residual metal and exposes an interlayer insulation film. At this 
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process, control of the high selection ratio in polish and blemish generating to a surface of metal is 
called for strongly. 

[0045] So, in the example 2, flattening polish which used electrolyte addition polish liquid as the 1st 
step is performed, mirror polishing using organic macromolecule addition polish liquid as the 2nd step is 
performed after that, it continues further, a washing process is performed as the 3rd step, and the 
example which embedded according to a series of above processes, and formed metal wiring is 
explained. 

[0046] The outline of the polish equipment used by this example is shown in drawing 4 . The polish 
process in this example has three steps as above-mentioned. The polish equipment of this example has 
three polish stages corresponding to each of this step, and while it exposes an interlayer insulation film 
for the flattening polish process of removing the outline of a metal membrane on the 1st polish stage 10 
on the 2nd polish stage 20, it can perform a substrate washing process for the high selection mirror- 
polishing process which finishes a metal membrane front face on the 3rd polish stage 30. Each polish 
stage consists of the same configuration fundamentally, and it has the turn tables 1 1 , 2 1 , and 3 1 which 
equipped the top face with the scouring pad, respectively, the polish heads 12, 22, and 32, the load 
impression devices 13, 23, and 33, and the polish liquid feeder styles 14, 24, and 34. It can be made to 
be able to rotate at the rate of arbitration by the rolling mechanism, respectively, and a turn table and a 
polish head can apply the load of arbitration to a polish head according to a load impression device in 
that case. The substrates 15, 25, and 35 used as the object for polish are held by making a front face into 
facing down at a polish head, and perform polish or washing of a substrate by supplying polish liquid 
16, 26, and 36 from a polish liquid feeder style. In addition, although the key objective of the process in 
the 3rd polish stage is washing of a substrate, the expression with polish liquid is used here. 
[0047] In the polish equipment used by this example, the above the 1st - 3rd polish stage are arranged on 
one susceptor 1, and really have composition. Moreover, the substrate before polish is first installed in a 
loader 2, it is conveyed one by one according to the automatic conveyance device which is not 
illustrated after that on the 1st - the 3rd polish stage, the polish process of a three-stage is performed, and 
the substrate after polish / washing termination is stored in an unloader 3. Hereafter, the substrate in the 
polish location on each stage is distinguished as substrates 15, 25, and 35, respectively. 
[0048] The substrate made applicable to polish is almost the same as the substrate used in the example 1 . 
That is, the wiring gutter with a depth of 500nm is beforehand formed in the interlayer insulation film, 
and after that, by the elevated-temperature spatter with a substrate temperature of 450 degrees C, 
aluminum-CuO.5% (700nm in thickness) is embedded, and membranes are formed. The membrane 
formation conditions of an aluminum-Cu alloy are the same as an example 1 . There is surface 
irregularity reflecting the level difference of a substrate wiring gutter of about 300nm in this aluminum- 
Cu alloy film upper part. 

[0049] Hereafter, the polish process in the 1st, 2nd, and 3rd polish stage in drawing 4 is explained. 
[0050] The polish process in the 1st polish stage is a flattening polish process of removing the surface 
irregularity of an aluminum-Cu alloy film front face, the polish liquid 16 used here distributes the 
particle-size globular form silica particle of 40-80nm d epending on the method of wet to pure water a s 
an abrasi ve Material particle — making - turtoer - an aRminium nitrate - 0.5 wt(s)% - it is the aH3ed 
electrolyte addition polish liquid. Concentration of a silica particle was madelntoT0^20wt%. a 
scouring pad -- a With a degree of hardness of about (JIS-A specification and the following - the same) 
90 to 100 hard scouring pad — using — the load impression device 13 — 0.3-0.4kg/cm2 The high 
polishing pressure was impressed. The rotational frequency of a turn table 1 1 and the polish head 12 was 
set to 30 - 90rpm. This process is a process which carries out polish clearance of a lot of aluminum-Cu 
alloy film, and the rapidity of polish is dramatically important for it. For this reason, large polish particle 
and hard pad of particle size are used above a little, and it is grinding under the conditions of high 
voltage impression and a high-speed revolution. By the above configuration, it ground until the 
aluminum residual membrane was set to lOOnm. 

[005 1] The polish process in the 2nd polish stage is a high selection mirror-polishing process which 
controls polish of a substrate interlayer insulation film as much as possible, and carries out mirror 
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poli shing of the aluminum film selectively, as the polish liqui d 26 of this process - a lOnm - 40nm 
gl obular form silica particle - 10 - zOwr/o -- Hie disUibuleU-pure water - a cellulose ~ 0.1 wt( s)% - 
using the added organic macromolecule addition polish liquid r mirror po lishin g of the aluminum-Cu 
all oy was carnea out until the substrate interlayer insulation film appeared with the scouring pad of an 
elasticity pad (degrees of hardness 60-90). The pressure impressed according to the load impression , 
device 23 aft his time is 03kg/cm2 7 I t considered as the following low voltage force, and the rotational/ 
frequency of a turn table 21 and the polish head 22 was set to 10 - 40rpm, respectively. Here, a particle 
and an elasticity pad with a small particle size are used, and in order to raise the smooth nature of the 
polished surface in the aluminum-Cu alloy film after polish, it grinds for making selectivity of polish 
higher under the conditions of low voltage and a low-speed revolution. According to this process, 
embedding aluminum wiring (pellet SHIN aluminum wiring) without surface irregularity is obtained. 
[0052] The polish process in the 3rd stage is a process which washes the compound front face which 
was formed of the polish process to the 2nd stage, and which consists of aluminum-Cu film and an 
interlayer insulation film. Pure water was used as polish liquid 36 used at this process. Moreover, the 
impressed pressure as a scouring pad, use a with a degree of hardness of 60 or less elasticity pad, and 
according to the load impression device 33 is 0.3kg/cm2. It ground hereafter on the conditions of 40 or 
less rpm of rotational frequencies of a turn table 3 1 and a polish head. In addition, as polish liquid 36 
used at this process, what added organic macrbmolecules (surfactant), such as a cellulose not more than 
0.1 wt%, may be used for pure water. 

[0053] At a series of above polish processes, DAMASHIN wiring with which the aluminum-Cu alloy 
with a thickness of 500nm was embedded at the interlayer insulation film was formed. The irregularity 
of this aluminum-Cu wiring front face is lOnm or less, and excelling in smooth nature was checked. 
[0054] In this example, as shown in drawing 4 , the 1st to the 3rd made polish stage connection, and the 
polish equipment which can carry out automatic conveyance of the substrate between stages was used. 
However, even if it prepares two or more polish equipments according to individual and makes it make 
the 1st, 2nd, and 3rd polish process perform to each, the effectiveness of this invention is completely the 
same. Moreover, important processes are the 1st and 2nd polish processes, and are intrinsically [ among 
the above three processes ] good also by another washing means. [ of the 3rd washing process ] 
[0055] 

[Effect of the Invention] In the conventional metal polish, since the polish liquid which added pH 
modifier and the oxidizer to the dispersion liquid of a detailed abrasive material particle was used, the 
surface insulator layer was formed in the surface of metal, and the technical technical problem of that 
irregularity occurs in a surface of metal by polish, changing a polish property with progress of polish 
further occurred. 

[0056] However, according to this invention, the above-mentioned technical problem was solvable by 
using the polish liquid which carried out minute amount addition of the organic macromolecules, such 
as an electrolyte salt which contains in nentra^ pnljrii liquii Thf metallic element which constitutes the 
metal membrane for polish, or a cellulose. That is, the stability of a polish property was acquired by 
attaining the metal polish which was excellent in grinding a direct metal side by the abrasive material 
particle made to condense beforehand at smooth nature, and preventing property change of the polish 
liquid accompanying polish. 

[0057] Moreover, in formation of embedding metal wiring, it became possible by performing flattening 
polish using the electrolyte salt addition abrasive material as 1st polish process, and performing the high 
selection mirror-polishing process using organic macromolecule addition polish liquid as 2nd polish 
process to form embedding wiring without surface irregularity. 

[0058] The above result, formation of stable DAMASHIN wiring was attained and the remarkable 
effectiveness that wiring dependability improved remarkably was acquired. 
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TECHNICAL FIELD 



[The technical field to which invention belongs] Especially this invention relates to the polish approach 
at the time of forming wiring in the wiring gutter formed in the interlayer insulation film in detail by 
embedding a metal about the polish liquid used for the polish approach of a wiring material, and there 
among the wiring formation approaches of a semiconductor device, and polish liquid. 
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PRIOR ART 



[Description of the Prior Art] Although detailed-ization of metal wiring of aluminum etc. is needed with 
detailed-izing of a transistor, in the wiring formation using dry ECHINGU of the conventional metal 
membrane, wiring dependability degradation by the metal corrosion (metallic corrosion) by etching gas 
poses a problem. Then, the approach of forming embedding metal wiring in a wiring gutter or a beer hall 
attracts attention by forming the wiring gutter and the beer hall to substrate wiring in the interlayer 
insulation film beforehand, growing up a metal membrane all over an interlayer insulation film, 
embedding this wiring gutter and beer hall with an elevated-temperature spatter or a CVt) method, and 
removing the metal membrane on this interlayer insulation film by selection polish of chemical 
machinery polish (CMP) etc. Wiring of the metal embedding mold formed of the above-mentioned 
process is called DAMASHIN wiring. 

[0003] There is an advantage that the unification structure of wiring/beer where processing by dry 
etching embedded the wiring metal in the beer hall in which it was formed in self align to application of 
a difficult ingredient and a wiring gutter becomes possible in DAMASHIN wiring. On the other hand, in 
case an elasticity metal like aluminum is ground, we are anxious about the processing irregularity of the 
surface of metal after polish. The description of the surface of metal after such polish receives effect in 
the polish factor with which the property of the polish liquid (slurry) used for the polishing pressure 
force, a scouring pad rotational frequency, a scouring pad degree of hardness, or polish became 
entangled intricately. 

[0004] An example of conventional CMP equipment is shown in drawing 5 . Conventional CMP 
equipment consists of the running torque measurement section and the polish liquid feed zone of the 
polish head and turn table which adsorb a substrate, and a polish head. Actuation of a polish head is 
controlled by the torque signal from said running torque measurement section, and a polish liquid feed 
zone can supply alkalinity (pH> 7) and each neutral (pH=7) and acid (pH<7) polish liquid. 
[0005] An example of a DAMASHIN wiring formation process which used CMP equipment for 
drawing 6 is shown. Hereafter, with reference to drawing 6 , this process is briefly explained in order of 
a process. 

[0006] The lower layer wiring 62 and an interlayer insulation film 63 are beforehand formed on a 
substrate 61, and opening of the beer hall 64 for embedding a beer plug further is carried out. Then, a 
metal membrane 65 (for example, aluminum) is formed the whole surface on an interlayer insulation 
film 63 ( drawing 6 (A)), the membrane formation technique of this metal membrane 65 - chemical 
vapor deposition (CVD) — although it is possible to use law, a spatter, etc., there is the need of 
embedding a metal membrane 65 in a beer hall 64 by the good membrane formation technique of 
embedding nature. 

[0007] Next, a metal membrane 65 is ground using the polish liquid for metal polish ( drawing 6 (B)). 
As polish liquid for this metal polish, an acid (about pH=3) alumina slurry etc. is used, for example. The 
polish rate of a metal membrane has the description that generally such an acid polish slurry is large to 
an interlayer insulation film. Terminal point detection of the metal membrane polish in this process is 
performed by carrying out the monitor of the running torque output signal from an actuation control 
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section in the polish equipment of drawing 5 . When grinding by seting a rotational frequency constant 
in polish by the acid polish slurry, this will use that the running torque of a polish head goes abruptly up, 
if an interlayer insulation film 63 appears in a polished surface. That is, as shown in drawing 7 , running 
torque goes up with progress of polish, and when the level of the torque signal output set up beforehand 
is exceeded, a metal polish process is ended. At this event, on an interlayer insulation film 13, the metal 
membrane 65 remains in part as shown in drawing 6 (B). 

[0008] Then, a metal membrane 65 and an interlayer insulation film 63 are further ground using the 
neutral silica slurry which distributed the silica particle ( drawing 6 (C)). This neutral silica slurry has 
the description of also grinding an interlayer insulation film to a metal membrane and coincidence. 
Consequently, flattening of the metal membrane 65 which remains on an interlayer insulation film, and 
an interlayer insulation film 63 advances simultaneously. 

[0009] Finally polish liquid is changed from a neutral silica slurry to the alkaline silica slurry which 
added the potassium hydroxide etc., and polish is continued further. Since the polish rate of an interlayer 
insulation film has the large description to a metal membrane, this alkaline silica polish liquid can make 
the plug of a metal membrane 65 project from an interlayer insulation film 63 by continuing polish. 
Multilayer-interconnection structure is formed by performing membrane formation and patterning of the 
upper wiring metal next. 

[0010] The conventional technique expressed above is indicated by JP,8- 124886, A. 



[Translation done.] 



http://www4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje 



4/19/07 



JP,1 1-1 1 1657,A [EFFECT OF THE INVENTION] 



Page 1 of I 



♦NOTICES* 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



EFFECT OF THE INVENTION 



[Effect of the Invention] In the conventional metal polish, since the polish liquid which added pH 
modifier and the oxidizer to the dispersion liquid of a detailed abrasive material particle was used, the 
surface insulator layer was formed in the surface of metal, and the technical technical problem of that 
irregularity occurs in a surface of metal by polish, changing a polish property with progress of polish 
further occurred. 

[0056] However, according to this invention, the above-mentioned technical problem was solvable by 
using the polish liquid which carried out minute amount addition of the organic macromolecules, such 
as an electrolyte salt which contains in neutral polish liquid the metallic element which constitutes the 
metal membrane for polish, or a cellulose. That is, the stability of a polish property was acquired by 
attaining the metal polish which was excellent in grinding a direct metal side by the abrasive material 
particle made to condense beforehand at smooth nature, and preventing property change of the polish 
liquid accompanying polish. 

[0057] Moreover, in formation of embedding metal wiring, it became possible by performing flattening 
polish using the electrolyte salt addition abrasive material as 1st polish process, and performing the high 
selection mirror-polishing process using organic macromolecule addition polish liquid as 2nd polish 
process to form embedding wiring without surface irregularity. 

[0058] The above result, formation of stable DAMASHIN wiring was attained and the remarkable 
effectiveness that wiring dependability improved remarkably was acquired. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] The technical problem described below occurred in the 
conventional polish approach described above. 

[0012] First, in the metal polish using conventional polish liquid, there was a problem that a 
deterioration layer remained to the surface of metal after polish. Although the acid slurry which 
distributed for example, the alumina particle is used for the conventional polish liquid for metal polish, 
oxidizers, such as hydrogen peroxide solution, are usually contained in this slurry, and a metal 
hydroxide or an oxide is formed in a surface of metal. That is, progress of metal polish is performed by 
forming a metal hydroxide (or oxide) deterioration layer in a surface of metal at the reaction of the 
oxidizer in a polish slurry, and a metal, and shaving off the deterioration layer of this front face by the 
scouring pad and the polish particle (here alumina particle). For this reason, the surface of metal after 
polish will also be inevitably covered with a metal hydroxide or an oxide. Since the deterioration layer 
of such a surface of metal was insulation in many cases, when it formed the upper metal wiring on die 
metal after polish, it had the problem that connection resistance brought about buildup. Moreover, the 
problem of that part separating and falling depending on the case, and the front face after polish 
becoming less smooth [ the hydroxide (or oxide) formed in this surface of metal ] is caused. If a local 
crevice exists in a metal wiring front face by such peeling, it may disconnect from the field and 
remarkable lowering of wiring dependability will be caused. 

[0013] Moreover, in the metal polish using conventional polish liquid, there was a problem of changing 
polish properties, such as the polish rate, with progress of polish. It depends for the polish property of a 
metal membrane on the state of aggregation of the polish particle in polish liquid greatly. Since the state 
of aggregation of this abrasive material particle changes with the electrolytic concentration and pH in 
polish liquid, the component and metal in polish liquid react with progress of metal membrane polish, or 
if the physical properties of polish liquid change with a metal dissolving into polish liquid etc., a polish 
property will change at the early stages of polish, and a telophase. With conventional polish liquid, since 
the acid slurry for metal polish containing an oxidizer was used, the dissolution of the metal membrane 
to the inside of polish liquid or its hydroxide is remarkable, and the metal ion concentration in a slurry 
had the inclination which increases with polish progress. Generally, if the electrolytic concentration in a 
slurry increases, the thickness of the electric double layer which exists in the surroundings of an abrasive 
material particle will decrease, and it will become easy to produce condensation of an abrasive material 
particle. Consequently, the technical problem that the viscosity of a polish slurry will increase with 
progress of polish occurred. 

[0014] The above problem is nonavoidable only by only making the polish slurry for metal polish into 
neutrality. This is because there is a problem of the polish rate of a substrate interlayer insulation film 
rising on the other hand, and it becoming impossible to fully take the selection polish nature of the metal 
membrane to an insulator layer, although it is possible to control the dissolution to the polish slurry of 
the metal membrane under polish by making a polish slurry into neutrality. In this case, management of 
a polish process becomes very difficult. 

[001 5] This invention aims at improving the dependability of the semiconductor device manufactured 
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using a polish process for the purpose of being made in order to solve the above technical problem, 
improving the stability of the polish property in metaled polish, and the selectivity over a substrate 
insulator layer, and preventing blemish generating to a surface of metal simultaneously. 
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MEANS 



[Means for Solving the Problem] As a means to solve this technical technical problem, in the approach 
of grinding a metal membrane, water is made to distribute an abrasive material particle and the neutral 
polish liquid which added the electrolyte salt containing the metallic element which constitutes the metal 
membrane which serves as an object for polish further, and the polish approach using this polish liquid 
are offered by the 1st invention. 

[0017] Moreover, in the 2nd invention, water is made to distribute an abrasive material particle and the 
neutral polish liquid which added the water-soluble organic macromolecule further, and the polish 
approach using this polish liquid are offered. As a water-soluble organic macromolecule in polish liquid, 
a cellulose is usable, for example and, as for the concentration, it is desirable that it is less than [ 1 wt% ]. 

[0018] As for the abrasive material particle used in these 1st and 2nd invention, it is desirable that it is a 
mono dispersion globular form particle . 

[0019] Moreover, in the approach of grinding the metal membrane which embedded on the insulator 
layer which has a wiring gutter, and was formed, this invention carries out polish clearance of the 
outline of a metal membrane using the polish liquid by the 1st invention first, and indicates the polish 
approach of continuing further and performing exposure of an insulator layer, and mirror polishing of a 
metal membrane using the polish liquid by the 2nd invention. You may have the process which washes 
the compound front face which consists of an exposed insulator layer and a metal membrane embedded 
in the wiring gutter further after that. 
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OPERATION 



(Operation) In this invention, it grinds by dissolving the electrolyte salt containing the metal used as the 
object for polish, or an organic macromolecule in neutral polish liquid. Since the neutral polish liquid 
which is to the bases is only the thing which made pure water distribute polish particles (silica etc.) 
typically, deterioration layers, such as an oxide and a hydroxide, are not formed in the surface of metal 
to grind. In this case, polish advances by direct contact of a metal and a polish particle. In addition, 
strictly, although neutrality means the thing of pH=7, the neutral polish liquid as used in the field of this 
invention is with a pH of about six to eight p olish liquid, and is for distinguishing from an about 
[ pH=3 ] acid conventional polish liquid, or about [ pH=9-l 1 ] alkaline polish liquid. 
[0021] In the 1st invention, in case the metal membraneToh a seml-CuiiQuttui substrate is ground, it 
becomes possible to grind without forming in a surface of metal the metal hydroxylation film metallurgy 
group oxide which is an insulator by using the polish liquid which does not add an oxidizer. Moreover, 
it becomes possible to control change of the metal ion concentration in the polish liquid accompanying 
metal polish progress by dissolving electrolyte salts which serve as an object for polish beforehand, such 
as a metaled nitrate, a sulfate, and a chloride, in polish liquid. It decreases by this that the state of 
aggregation of the abrasive material particle in polish liquid changes, and it has an operation that the rate 
stability of metal polish increases. 

[0022] Moreover, in the 2nd invention, it becomes possible to increase the rate stability of metal polish 
by dissolving a water-soluble organic macromolecule in the polish liquid which does not add an 
oxidizer, and making the abrasive material particle condense beforehand. Furthermore, in order that 
selective adsorption of the water-soluble organic macromolecule may be carried out to the interlayer 
insulation film under a metal membrane and it may form the surface protective coat of the organic film, 
it also has the effectiveness of raising the polish selectivity of the metal membrane to an interlayer . 
insulation film. The addition of this water-soluble organic macromolecule fully has that function also in 
minute amount addition of less than [ 1 wt% ] extent in order just to form the very thin organic film in an 
interlayer insulation film front face. 

[0023] Polish advances by direct contact to an abrasive material particle and a metal, without forming 
the metal oxide-film metallurgy group hydroxylation film in a metal polished surface, when the polish 
liquid by these 1st and 2nd invention is used. In such a case, in order to prevent blemish generating of a 
surface of metal, it is very effective to use the mono di spersion plohular form particle which does not 

havecalring of partjiclei^a^pnKsh particle . 

[0024] Moreover, it sets to the formation approach of D AMASHIN wiring which grinds wiring 
Mizogami's metal membrane formed in the interlayer insulation film, and embeds a metal membrane. 
Flattening polish of the parts with a main metal membrane is carried out using the polish liquid which 
added the electrolyte salt of a metal membrane with polish stability high as 1st polish process. The 
polish approach of removing the metal membrane which remains on an interlayer insulation film using 
the polish liquid which added the water-soluble high organic macromolecule of a selection ratio with an 
interlayer insulation film as 2nd polish process succeedingly is effective. The neutral penetrant remover 
which furthermore does not contain an abrasive material as the 3rd process may be dropped, and a 
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washing substrate front face may be washed. 
[0025] 

[Embodiment of the Invention] In the gestalt of implementation of the 1st invention, it grinds in the 
polish liquid used for metal polish using the polish liquid which added beforehand electrolyte salts, such 
as a nitrate of the same metal as the metal membrane which serves as an object for polish beforehand, 
and a sulfate, in polish liquid. Moreover, conventionally, although oxidizers, such as hydrogen peroxide 
solution, are added in metal polishing, a surface of metal is oxidized or hydroxylated and this surface 
reaction layer was usually removed by polish, in the polish liquid of this invention, an oxidizer is not 
added in polish liquid, but a direct metal membrane is ground by the abrasive material in neutral polish 
liquid. It is easy to be the same as before [ the equipment configuration used for polish j. 
[0026] By the dissolution of the above-mentioned electrolyte salt to the inside of polish liquid, it 
becomes possible to make an abrasive material particle condense to some extent beforehand. This 
controls the dissolution in the polishing liquid of the metal membrane under polish, and lifting of the 
viscosity of the polish liquid by metal ion concentration lifting and fluctuation of polish properties, such 
as a polish rate accompanying it, are avoided. Moreover, the selectivity of the metal membrane polish to 
an interlayer insulation film is simultaneously acquired by condensation of a polish particle. When the 
metal membrane which serves as an object for polish, for example is aluminum as the above-mentioned 
electrolyte salt, an aluminium nitrate, an aluminum sulfate, an aluminum chloride, aluminium acetate, 
aluminium phosphate, etc. are used. Moreover, when a metal membrane is copper, they are a copper 
nitrate, a copper sulfate, a copper chloride, copper acetate, copper phosphate, etc. That is, it is important 
to have dissolved beforehand the ion of a metal membrane used as the object for polish in polish liquid. 
[0027] When the metal membrane used as the object for polish is an alloy, it is most desirable to 
dissolve the metal ions of all the elements that constitute the alloy into polish liquid. For example, when 
grinding an aluminum-Cu alloy, both aluminium nitrate and copper nitrate are beforehand dissolved into 
neutral polish liquid. However, in the case of an alloy which added the other type metal of a minute 
amount to the metal with which the metal for polish serves as a principal component, it is also good to 
dissolve the ion of a basis metal into neutral polish liquid, in general, when the presentation ratio of a 
basis metal is 95% or more, a principal component metal ion is dissolved into polish liquid - being 
sufficient . For example, what is necessary is to dissolve only the electrolyte salt containing aluminum 
into polish liquid, when the presentation ratio of the copper used abundantly at wiring of a 
semiconductor device grinds about 1% or less of aluminum-Cu alloy. • 

[0028] It is desirable to use a mono dispersion globular form particle without sintering of particles of a 
detailed globular form silica particle with a particle size of 10-300nm obtained as an abrasive ma terial 
particle, for example by the solution layer depositing method (wet method) by hydrolysis of tetraethyl 
silicate (TEOS) etc. In this invention, in order not to add an oxidizer in polish liquid, deterioration 
layers, such as a hydroxide, are not formed in a surface of metal, and direct contact to an abrasive 
material particle and a metal arises. Under the present circumstances, generating of the blemish on the 
front face of a metal membrane can be substantially reduced by using a mono dispersion globular form 
abrasive material particle as an abrasive material particle. Except the above-mentioned detailed globular 
form silica particle, even if it uses oxide particles (respectively particle diameter : lOnm - about lOOnm), 
such as aluminum, titanium, an alumina particle obtained by hydrolyzing the alkoxide of a zirconium, a 
titanium oxide particle, and an oxidization zirconia, the same effectiveness is acquired. In addition, 
although it is also possible to use the silica particle (generally called fumed silica) by the gaseous-phase 
pyrolysis of chlorination silicon as an abrasive material, it is desirable to grind using the mono 
dispersion globular form particle by the above-mentioned wet method from a viewpoint of the blemish 
generating prevention in the case of grinding a soft metal membrane called especially aluminum and 
copper. 

[0029] In the gestalt of implementation of the 2nd invention, the water-soluble organic macromolecule, 
for example, a cellulose, is added to the abrasive material as the another technique of making the 
abrasive material particle condense to some extent beforehand. Organic macromolecules, such as a 
cellulose, stick to the front face of the silica particle which is an abrasive material particle, and have the 
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operation which produces the chain of a silica particle in a tangle of a cellulose molecule, and polish 
liquid viscosity increases them as the result. In this case, a silica particle will be in the condition of 
having not condensed directly but having condensed indirectly by tangle of macromolecule chains, such 
as a cellulose. 

[0030] Moreover, organic macromolecules, such as a cellulose, stick to interlayer insulation films, such 
as silicon oxide, and a silicon nitride, a silicon acid nitride, selectively on the substrate for polish, and do 
not stick to the one side metal membrane front face. For this reason, polish of a metal membrane can be 
advanced, an interlayer insulation film front face being covered by the organic poly membrane, and 
controlling polish of an interlayer insulation film, therefore — the polish which uses this polish liquid — 
a metal membrane front face — a blemish etc. generating ***♦•* — it becomes possible to grind a 
direct metal membrane without things, and to give the high selection ratio to a substrate interlayer 
insulation film. If the polish liquid which added this water-soluble organic macromolecule is used in the 
polish culmination in which a substrate interlayer insulation film appears, it is effective. Moreover, not 
only metal membranes, such as aluminum, copper, a tungsten, and titanium, but in case such 
effectiveness grinds conductive nitrides, such as titanium nitride and a nitriding tungsten, and metal 
silicide film, such as tungsten silicide and titanium silicide, it is effective. 

[0031] As the water-soluble above-mentioned organic macromolecule, a glycerol, acrylic ester, etc. are 
[ other than a cellulose ] usable. Moreover, as for the abrasive material particle used in the gestalt of 
implementation of this 2nd invention, it is desirable to use mono dispersion globular form particles, such 
as a detailed globular form silica particle by the wet method, for the completely same reason as the case 
of the 1st invention. 

[0032] Hereafter, the example of this invention is explained to a detail, referring to a drawing. 
[0033] 

[Example 1] The wiring gutter was beforehand formed in the interlayer insulation film, after that, 
aluminum-CuO.5% (800nm in thickness) was embedded, membranes were formed by the elevated- 
temperature spatter with a substrate temperature of 450 degrees C, and the substrate for polish was 
formed. The pressure was set to 4mTorr(s), using Ar as sputtering gas in aluminum-Cu membrane 
formation. Below, the elevated-temperature spatter aluminum-Cu film formed of the above-mentioned 
process is ground using the polish liquid of this invention, and the example which embedded aluminum- 
Cu in the wiring gutter and which embedded and formed wiring is explained. 
[0034] The polish liquid used by introduction and this example is explained. The preparation odor of 
polish liquid prepared the neutral silica polish liquid which made pure water distribute the particle-size 
glo bular form silica particle of 10-40nm by the wet method which hydrolvzed tefr aethyl prthophmrpatic 
s ilicate (TEOSjas an abrasive material particle in pure water first. Concentration of the silica particle 
used as an abrasive material particle was made into 10wt(s)%. The viscosity of this neutral silica polish 
liquid was 1.07cP(s) (1.07xl0-3Pa-s). The polish liquid used actually was prepared by adding an 
electrolyte salt or an organic macromolecule in this neutral silica polish liquid. 
[0035] As 1st polish liquid, the aluminium nitrate was added in the above-mentioned neutral silica 
polish liquid, and electrolyte addition neutral silica polish liquid was prepared. Aluminium ni trate 
concentr ation is made into 10-3 - 1 wt% of within the limits, and is 0.5wt(s)% typica lly. Polish liquid 
viscX53fi)Tncreased to 5.09cP(s) (5.09x1 0-3Pa-s) by addition oihan aluminium nitrate. That is, by adding 
an aluminium nitrate in neutral silica polish liquid, the silica particle was made to condense beforehand 
and polish liquid viscosity was enlarged about 4.5 times. 

[0036] Moreover, as 2nd polish liquid, the cellulose was added in the above-mentioned neutral silica 
polish liquid, and macromolecule addition neutral silica polish liquid was prepared. Cellulose 
concentration is made into 10-6 - 10-lwt% of within the limits, and is 4.7x1 0-3 wt% typically. Polish 
liquid viscosity increased to 5.4cP(s) (5.40xlO-3Pa-s) by addition of this cellulose. That is, by adding a 
cellulose in neutral silica polish liquid, the silica particle was made to condense beforehand and polish 
liquid viscosity was enlarged about 5 times. 

[0037] The 1st of a more than and the 2nd polish liquid were used, and the substrate for polish which 
has the aluminum-Cu film on a front face was ground. The used polish equipment is the same as before, 
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and uses foaming polyurethane (Rodel Nitta CO,: IC-1000 laminating pad) as a scouring pad. Moreover, 
the speed of supply of 35rpm and polish liquid considered rotational speed of a polish head and a turn 
table as a part for 60ml/. 

[0038] It is drawing showing the effect of the polishing pressure force exerted on a polish rate at 
drawing 1 . Although the polish rate increased with the increment in the polishing pressure force, the 
dependency of an additive kind was not seen mostly, moreover, drawing 2 - the polishing pressure force 
- 0.4kg/cm2 ****** — it is drawing showing the dependency of the polish rate to the cellulose 
concentration at the time of grinding using the 2nd polish liquid. In experiment within the limits whose 
cellulose concentration is 10-6 - 10-lwt%, the polish rate is fixed at 0.2 micrometer/min, and the 
dependency of the polish rate to cellulose concentration is not seen. As for this, the same was said of the 
case of the 1st polish liquid, and the aluminium nitrate addition dependency was not accepted in a polish 
rate at experiment within the limits whose aluminium nitrate concentration is 10-3 - lwt%. As 
mentioned above, it was checked that the aluminum film can be ground by adding an electrolyte salt and 
an organic macromolecule in neutral silica polish liquid beforehand, and making it condense an abrasive 
material particle beforehand. In addition, although the 1st of this invention and the 2nd polish liquid 
were improving substantially as compared with conventional polish liquid, the stability of the polish 
property over progress of polish, for example, the stability of a polish rate, excelled [ direction / of the 
1st polish liquid which added the electrolyte salt and dissolved the metal ion into polish liquid 
beforehand ] in stability. 

[0039] Moreover, apart from polish of the above-mentioned aluminum film, the experiment which 
grinds silicon oxide using the 1st of this invention and the 2nd polish liquid was conducted. 
Consequently, the polish rate of the silicon oxide at the time of using the 1st polish liquid by aluminium 
nitrate addition was about [ in the case of the aluminum film ] about 1/10, and was about about 1/20 
with the 2nd polish liquid by cellulose addition. That is, in spite of having been neutral polish liquid by 
using the 1 st [ by this invention J, and 2nd polish liquid, it has checked that the selectivity of the 
aluminum polish to a substrate interlayer insulation film (here silicon oxide) was secured. However, it 
was checked that extent of selectivity is also excellent in the direction of the 2nd polish liquid by 
cellulose addition. 

[0040] Drawing 3 is drawing [ polish before (immediately after membrane formation) / reflection 
factor / at the time of performing aluminum-Cu alloy film polish using the 1st polish liquid (aluminium 
nitrate addition, concentration 0.5wt%) by this invention, and the 2nd polish liquid (cellulose addition, 
concentration 4.7x1 0-2wt%) ]. In addition, polish of a metal membrane performed measurement of the 
reflection factor of drawing 3 in the phase (at namely, the event of the interlayer insulation film not 
being exposed) which advanced to the middle. Compared with the aluminum-Cu film front face 
immediately after elevated-temperature spatter membrane formation, even when which polish liquid is 
used, a reflection factor is larger than drawing 3 about a maximum of 7%. This is because the surface 
surface smoothness of the aluminum-Cu film improved by polish. When ajuminium nitrate addition was 
compared with cellulose addition, near 300nm, compared with amyl nitrate addition neutral polish 
liquid, 10% or more reflection factor had the large reflection factor on the front face of aluminum which 
used cellulose addition neutral silica polish liquid, and it turned out that it excels by the smooth nature 
on the front face of aluminum after polish. In addition, even when changing cellulose concentration, in 
experiment [ 10-6 - 10-1 wt% of] within the limits, it was changeless to the reflection factor of a 
polished surface. 

[0041] Thus, since oxidizers, such as hydrogen peroxide solution added by conventional polish liquid, 
are not added in amyl nitrate addition neutral silica polish liquid and cellulose addition neutral silica 
polish liquid, the metal oxide-film metallurgy group hydroxylation film is not formed during polish in a 
surface of metal. Moreover, since polish liquid is neutrality, a metal membrane does not dissolve in 
polish liquid. Furthermore, blemish generating on the front face of a metal membrane is controlled by 
using the very small globular form abrasive material particle. 

[0042] In addition, although it was the aluminum-Cu alloy with which the metal for polish of this 
example contained not pure aluminium but 0.5% of copper in relation to the 1st invention, only the 
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aluminium nitrate was used as an electrolyte salt added in the 1st polish liquid. The reason the stability 
of polish property sufficient also by this was acquired is because the content of the copper in an alloy is 
dramatically small. In general, when the content of addition metals other than the principal component 
in an alloy exceeds 5%, it is desirable to also double the electrolyte salt containing the addition metal, to 
add, and to prepare polish liquid. Of course, even when the content of the addition component metal in 
an alloy is 5% or less of minute amount, it cannot be overemphasized that the electrolyte salt may be 
added and polish liquid may be prepared. 

[0043] Moreover, in embedding wiring structure which was made applicable to polish by this example, 
inserting barrier metal layers (for example, several nm in thickness to about several lOnm titanium etc.) 
between an interlayer insulation film and metal wiring is often performed. However, the thickness of 
such a barrier metal layer is usually dramatically thin, and since a barrier metal layer will be ground in a 
polish culmination just before an interlayer insulation film is exposed, fluctuation of the polish property 
by polish of a barrier metal layer does not usually pose a problem. 
[0044] 

[Example 2] In the above-mentioned example 1 , even if it used any of the electrolyte salt addition polish 
liquid of this invention, and organic macromolecule addition polish liquid, polish of the stable metal 
membrane and selection polish of the metal membrane to an interlayer insulation film are possible, and 
it became clear that blemish generating in the front face after polish can be controlled. However, the 
difference in a polish property also existed between both polishes liquid, electrolyte addition polish 
liquid won in the stability of the polish property over progress of polish, and it became clear by one side 
that organic macromolecule addition polish liquid was also excellent by the selectivity over control and 
the interlayer insulation film of blemish generating on the front face of a metal membrane. If the above 
is taken into consideration, electrolyte addition polish liquid fits the activity at the flattening polish 
process from the early stages of polish. It is the process which this process carries out flattening of the 
irregularity on the front face of a metal membrane, and removes many parts of the metal membrane on 
an interlayer insulation film, and the stability of a polish property is searched for most. Moreover, the 
organic macromolecule addition abrasive material is suitable for the activity at the mirror-polishing 
process which removes a subsequent residual metal and exposes an interlayer insulation film. At this 
process, control of the high selection ratio in polish and blemish generating to a surface of metal is 
called for strongly. 

[0045] So, in the example 2, flattening polish which used electrolyte addition polish liquid as the 1st 
step is performed, mirror polishing using organic macromolecule addition polish liquid as the 2nd step is 
performed after that, it continues further, a washing process is performed as the 3rd step, and the 
example which embedded according to a series of above processes, and formed metal wiring is 
explained. 

[0046] The outline of the polish equipment used by this example is shown in drawing 4 . The polish 
process in this example has three steps as above-mentioned. The polish equipment of this example has 
three polish stages corresponding to each of this step, and while it exposes an interlayer insulation film 
for the flattening polish process of removing the outline of a metal membrane on the 1st polish stage 10 
on the 2nd polish stage 20, it can perform a substrate washing process for the high selection mirror- 
polishing process which finishes a metal membrane front face on the 3rd polish stage 30. Each polish 
stage consists of the same configuration fundamentally, and it has the turn tables 11,21, and 31 which 
equipped the top face with the scouring pad, respectively, the polish heads 12, 22, and 32, the load 
impression devices 13, 23, and 33, and the polish liquid feeder styles 14, 24, and 34. It can be made to 
be able to rotate at the rate of arbitration by the rolling mechanism, respectively, and a turn table and a 
polish head can apply the load of arbitration to a polish head according to a load impression device in 
that case. The substrates 15, 25, and 35 used as the object for polish are held by making a front face into 
facing down at a polish head, and perform polish or washing of a substrate by supplying polish liquid 
16, 26, and 36 from a polish liquid feeder style. In addition, although the key objective of the process in 
the 3rd polish stage is washing of a substrate, the expression with polish liquid is used here. 
[0047] In the polish equipment used by this example, the above the 1st - 3rd polish stage are arranged on 
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one susceptor 1, and really have composition. Moreover, the substrate before polish is first installed in a 
loader 2, it is conveyed one by one according to the automatic conveyance device which is not 
illustrated after that on the 1st - the 3rd polish stage, the polish process of a three-stage is performed, and 
the substrate after polish / washing termination is stored in an unloader 3. Hereafter, the substrate in the 
polish location on each stage is distinguished as substrates 15, 25, and 35, respectively. 
[0048] The substrate made applicable to polish is almost the same as the substrate used in the example 1. 
That is, the wiring gutter with a depth of SOOnm is beforehand formed in the interlayer insulation film, 
and after that, by the elevated-temperature spatter with a substrate temperature of 450 degrees C, 
aluminum-Cu0.5% (700nm in thickness) is embedded, and membranes are formed. The membrane 
formation conditions of an aluminum-Cu alloy are the same as an example 1 . There is surface 
irregularity reflecting the level difference of a substrate wiring gutter of about 300nm in this aluminum- 
Cu alloy film upper part. 

[0049] Hereafter, the polish process in the 1st, 2nd, and 3rd polish stage in drawing 4 is explained. 
[0050] The polish process in the 1st polish stage is a flattening polish process of removing the surface 
irregularity of an aluminum-Cu alloy film front face, the polish liquid 16 used here distributes the 
particle-size globular form silica particle of 40-80nm depending on the method of wet to pure water a s 
aft aprasive mate rial particle - making - t urtner - an aluminium nitrate - 0.5wt(s)% - it is the added 
ele ctrolyte addition polish liquid. Co ncentration oi a silica particl e was made into 10 - 20wt% . a 
s couring pad - a with a degree ot hardness ot about (JfS^A specification and t h&ibllcLvving ~ the same) 
90 to 100 hard scouring pad - using — die load impression device 13 - 0.3-0.4kg/cm2 The high 
polishing pressure was impressed. The rotational frequency of a turn table 1 1 and the polish head 12 was 
set to 30 - 90rpm. This process is a process which carries out polish clearance of a lot of aluminum-Cu 
alloy film, and the rapidity of polish is dramatically important for it. For this reason, large polish particle 
and hard pad of particle size are used above a little, and it is grinding under the conditions of high 
voltage impression and a high-speed revolution. By the above configuration, it ground until the 
aluminum residual membrane was set to lOOnm. 

[0051] The polish process in the 2nd polish stage is a high selection mirror-polishing process which 
controls polish of a substrate interlayer insulation film as much as possible, and carries out mirror 
polishing of the aluminum film selectively, as the polish liquid 26 of this process - a lOnm - 40nm 
globular form silica particle - 10 - 20wt% - the distributed pure water - a cellulose - 0.1wt(s)% - 
uSing the added organic macromolecule addition polish liquid, mirror polishing of the aluminum-Cu 
alloy was carried out until the substrate interlayer insulation film appeared with the scouring pad of a i 
elasticity pad (degrees of hardness 60-90). The pressure impressed according to the load impression 
device 23 at this time is 0.3kg/cm2. It considered as the following low voltage force, and the rotation) il 
frequency of a turn table 21 and the polish head 22 was set to 10 - 40rpm, respectively. Here, a particle 
and an elasticity pad with a small particle size are used, and in order to raise the smooth nature of the 1 
polished surface in the aluminum-Cu alloy film after polish, it grinds for making selectivity of polish I 
higher under the conditions of low voltage and a low-speed revolution. According to this process, I 
embedding aluminum wiring (pellet SHIN aluminum wiring) without surface irregularity is obtained. I 
[0052] The polish process in the 3rd stage is a process which washes the compound front face which \ 
was formed of the polish process to the 2nd stage, and which consists of aluminum-Cu film and an \ 
interlayer insulation film. Pure water was used as polish liquid 36 used at this process. Moreover, the \ 
impressed pressure as a scouring pad, use a with a degree of hardness of 60 or less elasticity pad, and \ 
according to the load impression device 33 is 0.3kg/cm2. It ground hereafter on the conditions of 40 or \ 
less rpm of rotational frequencies of a turn table 3 1 and a polish head. In addition, as polish liquid 36 
used at this process, what added organic macromolecules (surfactant), such as a cellulose not more than 
0. 1 wt%, may be used for pure water. 

[0053] At a series of above polish processes, DAMASHIN wiring with which the aluminum-Cu alloy 
with a thickness of SOOnm was embedded at the interlayer insulation film was formed. The irregularity 
of this aluminum-Cu wiring front face is lOnm or less, and excelling in smooth nature was checked. 
[0054] In this example, as shown in drawing 4 , the 1st to the 3rd made polish stage connection, and the 
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polish equipment which can carry out automatic conveyance of the substrate between stages was used. 
However, even if it prepares two or more polish equipments according to individual and makes it make 
the 1st, 2nd, and 3rd polish process perform to each, the effectiveness of this invention is completely the 
same. Moreover, important processes are the 1st and 2nd polish processes, and are intrinsically [ among 
the above three processes ] good also by another washing means. [ of the 3rd washing process ] 
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1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing the polish rate of the aluminum-Cu alloy film and the relation of the 
polishing pressure force with the polish liquid of this invention. 

[Drawing 2] It is drawing showing the relation between the organic macromolecule concentration in the 
2nd [ of this invention ] polish liquid, and the polish rate of the aluminum-Cu alloy film. 
[Drawing 3] It is drawing showing the reflection factor of the aluminum-Cu alloy ground with polish 
liquid to this invention. 

[Drawing 4] It is the process sectional view showing the embedding wiring formation polish approach 
by this invention. 

[Drawing 5] It is drawing showing conventional polish equipment. 

[Drawing 6] It is the process sectional view showing the conventional embedding wiring formation 
process. 

[Drawing 7] It is drawing showing the time dependency of the polish head torque in the conventional 
polish approach. 
Pescription of Notations] 

1 Susceptor 

2 Loader 

3 Unloader 

10 1st Polish Stage 

20 2nd Polish Stage 

30 3rd Polish Stage 

11,21,31 Turntable 

12, 22, 32 Polish head 

1 3, 23, 33 Load impression device 

14, 24, 34 Polish liquid feeder style 

15,25,35 Substrate 

16,26, 36 Polish liquid 

61 Substrate 

62 Lower Layer Wiring 

63 Interlayer Insulation Film 

64 Beer Hall 

65 Metal Membrane 
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DRAWINGS 
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[Drawing 7 ] 




[Drawing 6] 
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(2) ftiRW 11-1116 5? 



Birfclt Sx*#XB SSfcBBRBS BSD t fc C 1 6 

CIS««2] J»ES«B«ii><Wffl*«tJfeBl::i3»t£X/i8 
#5cS5©fi3B8. fiSSfi). BfcB. RBtg. ^fcttyv 

swa-eft* c * r 6B#« 1 inee<owBia. 

[W*«3] BB*£BB4<*-Cfcy. jbxoflEBBB 

a* *<»»«©a»aa* -efc* c * 1 1 6W# 
a 1 $fci*&f*3 z icb«©wb;8. 

[H*«4] BBMB?t*i::ftft««feBBai=*B 

T-caac t *«atr*is**4 i-Kttcowaia. 

iS. 

[ W*« 7 ] BEBBMMWaaftoaBaft? v & 
* C i: $»Bt* *B*«4 frfrmtBeOlvftuMs 

ebabbb. 

[a*ae] ¥8<ts&±i::BaB**i. 
anBoBflfa&c&iiT. M*ai*&u*B7©it 

WvfrCBBeaaatBai'tCfcBBBfcl'fcaa 

II8*«9} *6*C*BIM*<WA£hfelMUI±0> 
ttE«Bl:B©i2^T?«BLfc&SB©«B:*&l=la* 
r, B*3 1 7 OlYffcfrKeaoMMt 

ttffl L'TBGBBBJ: y±BJ=fc«BBBtBB»a 
U BEaBA&nEBBai::Btta$*ife£Bn*y 

CB#«1 O] ft&^C»B«BA ( »Bd4ift:Bttfi± 
©REBBl=a©&4,-OBBLfcfcBB©WB£S5l=fc 
l»T. MBBi *&R*«3©l*r*t!6M::KB©Bfffl« 
UrfitJKte»B<k U±BI=fc«*BBaBlltB 
B"fr£B 1 ©WBXtSi , SI#«£B*Jg4AM5>W#« 
7 eOl^r*lAM=Btt«)We;«$ffiffl LTBEBBB,* y 
.fcBlc&$$BB£WB t tttB&ttB&BSB&Bi:: 

ffl«>a*4tfc*BB*y<faa'&affi$8ajr'6B2«3 

WBX«i:S«r*Cte»»tr*WB*Ji. 
CBBB-1 1} BCB2ff>BBX(il=3l«B«. BtSB 

sassafras 3 ©x«$ * c, c*rt * c t £ bb 

tr*B»«i OGEBaBBBB. 
IBBO»B«BB] 
[000 1] 

tamtrnt hmmm *a«i*. *b&bb©e« 

R5/a»ao) 5 ^«irE»»«©Wg*afc * I/* C i: ft 
fflf*WSi«lcia^StOT?fey. BU<l*BW$fe«B 
l=B* £*ifcEBBi:*B*a«)&fcc t VKHZtotiL 



[0002] 

[«*©»«] t»?>9a*OBJMtl::#??. 7JWS 
Ba)BBBB0!>«Bft*«<B»t*4fCU»**«, tt*©fi 
■BBK9«r x*>*£ffli^E8fl*/a-Ctt. ivf> 
C^xiz^-SftBaa— ✓a> (&BB£> l=<fcSE8 
BMtt*1t*<BBt*-3ri.»*. *C"C. a>e»j6»C©B 

MttaBfcBaB*»TaBB^o tr7*-;i> $s*a t r 

BBx/<9*B*CVDa-C*fr*EBJIt*t;7 
*-*68«>i^&tf&Bn4UM£Bf=ftBM«aft 
L. C©»HBBB±«>*BB«tt¥BB88 (CM 
P) 8B»RBB'K*-»TBB-r«Cfci::*y. EBB 

^ if 7*-;u<v©B»a*BBEa8 »ar 

l*^Tl,>5, J:fiXBI=J:y»aS*i4ftBatf>a* 
BOTBBtt. jrT-»BBi:BiaiTt»*. 
[0 0O3jyv»B8l:tt. K9-fx-;*>Sflcj: 
$/nxA«ffia#*m©Bffl'lf», BBBICB L T S BBa 

/tf7©-fc<t8Btf3jjiicfc*&t*3#i|jS*<fe$. - 
7>l>3x^A©J:?fc8SaB«WB*i>S»lcl*. 
BBBOBBfiBa>BXBdb«<BB$n«. =«>J;3fc 
BBB©£BSffl©ttttl;*:. BBEa, WB'<v KBE 
B. BB/Cv K«B^WBr=Bl»4BBB 
OB11 a<a8e»*B ?feBBB?l=B*£ft tt 4. 

[0 0 0 4] S£»©CMPSE©-«i]$Stir. 
a*©CMPSBl*. BttSBBtiBS'vvK. B@ 
SB, 8f£S~? K©BBHU*ttBffl*i*0:«»58BB 
Bfr&fc*. I6°>"; K©BBI*. STEBE K;u?tt»l 
B^&©h/u^fi#J=J:yMB**l. BBBB«ttli7 
JWb'Jtt (pH>7) . *tt (pH = 7) fcitfBtt 

(pH<7) OBBBBtBBVBTB«. 
. [0005] B6IC. CMPBB$ffl^fc$f7^>EB 
©fi£^o-bX©-B$«-r. BIT. 06«*BLT. K 
■»: x $XBJKlcfBJ*j=K?3t 

[0 0 0 6] *i*»CftS«6Ui:TIBEe6 2atf 
BM«fe»B6 3i»«L» *€>(=tf7^5y^ll©>it 
fc©©e7*~;U6 4SMaUT«<. *©«, ®M® 
««6 3±©±ffil=. &BB6 5 («jttf7/t5='7 
A) iJ&mth (B6 (A) ) „ C©£BB6 5©tf!!S 
*iilcll:fl:^a«fitfi (CVO) &*>Xt<*j *B<tif$ 

B^*ctA<T3iBT?fcSA<. a©a*tt©a»^aB* 

J*ir«fe y tf7*-;u6 4rtlrsfeBffl6 5 SB©5i4;i£!>B 

[0 0 0 7] mz. 3&BSff8ffl©SfBiffi$ffll'>T&®HJ 
es^ffisn (B6 (8) ) . C©dBBB^©B@ 
jStLTtt. «9*l3!Ktt (pH = 3BS) ©7;U5^X 
9 ( J-B«(Bl^4i«. C©«td«BttBBX7U- 

i*. -BcBBnaasastfBnaaflisai-T** 

l>4t>5«B$*f «XBi:«lt«BBB«FB©B 
tSBSaii. B5©WBBBi:£>C^rBBfill9B^&©B 



(3) 
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&tW@^v K©S)«h«^W±8*ftCi£fi|aL 

ri>4. t 0 7ic^r<fc5i>. aaoamicfli 

=<ob#^t?i*. ei6 (b) i=**av. mmmmi 3 
10 0 0 8} §i*«e, *>y 

y*A?y-$ffll*T\ &BJB6 5 fcJBiytf£»Bl6 3i 

sa^uasrft (fae (o ) . £©4>tt->'j»x9 

[ooo9] saic. waa^tevyax^y-** 
*K<b* y »7A^$)$jotfcr^* y tt->y ax? y- 
fc«y»s.TSi=»8£8it&. cco7;u*ytt->y* 

6 S<»^vy*iBWte»ffl6 3A»658ffi$l**ctA<Tt? 

IMCfcCjy. *BE««iaj!><l&B*:Kft. 
[0 0 1 0] UU&tfcttfcatfil*. fl*!*ftM¥8- 
1 2 4 8 8 6^iH8l=EaS*lTl*ft. 
[001 1] 

[ooi2] g-r, a*<ow@«$ffli>fcft®w®icfc 

5:Ha*«»»$t*fcBttx5y-sw.*ftA<. cox 

a. ^ftfr*. ftawsoiafri*. wsx5y-*©i4 
fc$4&a£<&fifc-eftBa®i=fca*»fc& <&ftn 
3em®$»5«l. c©8ffla>aBB$wa>< 

ftwil-ftft. c<0 <fc ? ft *aS5ffl<oafJBIi £< ©a 

**g»itT?&4f=if>, we»<o4a±i=±®ftaE«$ 

ftofc. ca>*a«ffii=«jfiR$4ifc*«{b«i 

BfB»0>aa5A<¥;ftTft < ft ft £ H ofcMffl£§IS 
Sc*. C<D*5ft9JWW=J:yfcBffi8«BlcJSW*> 
ftBfl«A<SS+4i:. *»aa**,Brl8Tft«e4,fe 

[0 0 13] $tz. tt#»We;S$ffl^fc&a9fSl=fc 



a tti*. wea*©asta* oaattac:* & < 
ft. caaaffltt¥®BftttBi*9sa*03fHtaa 
*> P Hirj:ya<trftf=tt. iansasoafttiti; 
9fS;'ffi4'o>«»t6a6<fiit;i-Sv ftftiM*asa4»u 
£B*<»»r ft«(=*ywea<DttttJ!)<8E{b^«4. a 
soajB t am t T?aafcii/><£<fc u x l * 5 ©-cfe 
ft. <t*©as«-ci*. »<b«$$t;att©6aweffl 
x5y-$affli-'c«' x fcfc». waa*^<r>dBMfe5 
iMi*©*Bfcfc«?©»«j(><ffiaT?fcy . x? y-*© 

«a-f^>aatta@aiTi=flsorit*fftffl(sj$i*-3 
rptr. -ai=. X5u-4»©a«aaa*<i9*fftt 

aSSItt*©® y cWSf ft«SU:fiB©B* a««'> l 

x. as»)^<Daa^i:a<ftft. *©aa. as 
x? y-<otta*<w®a)aiTic#^T»*Lr l$ ? t 

[ooi4] ia±<oMffli*. atBwssuowsx^y- 
setic^tttrrft z t t=ifei*®Btft c t mxv 

e*©asa©w®x? y -i:»rft»«ewiM-r ft c 
tttBrars.ft*<. *©-:&-eT«isfflie«B©as3 
a*<±»u. a»ffli=»^ftfiBB<oa«watti»<+» 

l=£ftft<ftftil>?MHft<*rftfc»T?*ft. C©*§ 

a. aaxaoaai^«i=H«&4cft. 

[0 0 15] *»8j3l4. m±©»a$«*fftfc«)l=ft 

$*if=t©-c&y; aB©a8icfcitftasfta©ss 

aaffi'Nroaa^^itf ftct^iMiu, tn*T(* 
asxa$mtTa&»tift*B{*&ea>ffiate$fe>.h 
-rftctsawfcur^ft, 

[0016] 

[aasa^ftfc«xo#a] A^fta«aasa»f 
ft#»tur. aiwawci*. «a©£«ffi-rft^j$ 

tft«&®fflsa/arftsfeB7ca*^t;a«Ha«*SD 
ufc*aa®«. *><ki;c<7>asa«ai^fcaB75st$ 
a«^ft. 

[0017] *f=. »2oawci*, we»ja^$*ir 
a. fc«fcl/c©w®a^fflt^fcaa^^£Sffl^«■^•ft. a 
A<aasifi6i7fcy . *o>mmt i w t %mTT?*ftc t 

[0 0 18] C<D»1 fc«fci;a2«)aMI=J3^Tttfflf 

ft«?sw»^i*. a»»©«i«3«a^rfcftciA<a$ 

[ooi 9] *awi*. BE«aswi-ftja«a± 
ics«>ia*jsa**i.fcftBa$wa^ft*;ici=fct>-c. 

i <Daai=£ftaa&$nitr£BjBaBB8$& 
e»3cu. $^i=5i$a&S2©*ai-j:4ws«$ffl 



(4) 



ttB8¥ 1 1 - 1 1 1 6 S 7 



i*SBfiff*ft, BaJLkJ&asSiEfg 
B l= Bft&*4ife*fta4t & ft ft ttftSil «i*»-r ft I 

[0 0 2 0] (ttffl) SSEWICfcOTI*. cpttaHftSijS 

fc«B*ISt&ftft*B« SfcBBfttt, 1 1 < t*«as 
»^ti8»*1*ftCtl=*y«®S?7?. -t<0»*£ft 

««MtftBfti:tt. ftfittciiKftcwsit? 

sf> $»tt*i*fcf=i-f«)ttf>.-efcftfc«). aatftaa 

aBl=ttB<t***ftftaa©ftHBMt»«**ifti\ 
{ft ft. fcfc. BffllCI**£ 1 1* p H = 7 <0 C i.£Sl* 

0>T!ftft. 

[ 0 0 2 1 ] S 1 fl>*WCfcl»TI*. *ft{*fttt±a* 

HKSWBi-ft®. BtbasaaLftiiaaftsaitft 
etc* v. *rani=ie«{tr ft 

KiStefc* & tf* ft c b ft < B8* ft C t tfSTfiS £: ft 
ft. *fc, BBBl=ft&*t:ftftaBftJ:«ft*Baa 
HIS. «Btt*«fc«HfO)«»»«*i8»Lrfe<Cfc 

r. *sBf®iafti=i:tft3wsa4"o>*a'ft>s« 
©ftfcfcfflSWftc ftft. c*ii=«fcij. wss 

»<t>©»s»iittTFfl>aftttasi*«*ft-r set < ft 
y. *Kw©o)asssit6<ii«i-rfti:oaffffl*^r 
ft. 

[0 0 2 21 ®2fl)«WI=fe^Ttt. BttMtB 

ttL*t»»»sai=*»«Mia»»TP«sg«**rft&*» 

Cft«B*tt**WI*-tfrii<Ci:KJ:y. aaaa 

©aasesttg«-rct*<of«itftft. *aa 

#aft#* l**ftirFaftnftani;aiRBa 

B<DBffi«ffiB*atf*ftfc», Bnaanc:**-*-** 
®*Bii*fts*HF<Dftaftii. mmm&mzmn 

l>#»Hf »«r*f£lfCJ:l>fcft. 1 w t %BTHft 
<D«fi;-8ft»C £ l»T t * (DfflfiB* St ft. 
[0 0 2 3] ChbSK Bzaaac*ftaBftSft 

*«aBisi=i*fcBKfb«*>*B*»<bBa< 

te&Z*iiztU<. aBffltt^fcftBfcOftttBBK 
<fc y BBtfaftt ft. za>*5 ft«£f;fc®Sffi<BSa 
SfeSKihtftlcl*. aStt*i Lr&*©±«Dffla0ft 
l»»»)3ifl)«©itft^«ffifflf ft C t A<fflft-C»»«-Cfc 
*r 

[bo2 4] Efc. (affflssssi=«j/a**vf = Efa3}±ro 

iftft«»sv«nb«eL. si£$a&»2<owaxHi: 
l xmm& t oafitt as i**»tt*ra»»* $ as 



joLfcWBa*fti»TaHBaB±i=»»t*aa«t 
»*rftwa*a**«3aT?feft. $4ics3xetL-c 
s?sw* a*fti**it*»a* »t Lm^attsffi® 

ftBCffoTtJ:!.*. 
[0025] 

[fewo>ftts<o«s] & -\ <rmm<r>&mmmizsi^x 
a. &mmzm^bm&*iz$>t>frcm®tt9.b 
ftft*«ffltH-ftft»«»a. aatta©«»Jia« 

*ftW«ai=ftttLfcftBft*ttfflLTft»«lf3. * 
fc, ttBdBBBI=ftura. aiMb7lcft*5a>Bfca 
fciSMLT. *ftftB$B1bftftiy**ftfl:l.TCd>S 
ffifiBBSftBI=*yft*tftCfcA'aBT?ft-3fc*«. 

*«B©BBB(=fti»"ci*wBaicankw*»tt*r. 

♦tt»BB«l"0)HB«T?ttttBBJI*WBtft. BBC 

ffifflfftSB«fi£i*. aaay©*©**^ 

[0026] BS»«<Na>±G«BBB«}BBI= <* y . 

WB«tt : F**«)ft«aBam**'Cft< =i*«MBt 

ft ft. Cftl=£y«lB*a&SffiaH»&^<D;8Sj?S!<I) 

sit. sa-f^>as±»i=*ftWBacotts<»±B 
t. ^i:ff9BBBB«a>aBatta>Kn«aat 
ft. *fc. nai=BBtt?09aaicj:y. amaanc 
tt-rftanB«B«9aatt««B&4i«. ±e««a«^ 
ur i*. f j*i*as«a t ft 6*sffl*<7ju s -oa© 
as. war/us-'tJi.. ©arjusioA, B<tr/«/ 

5 = »>A. KST/Usn^AAf y V«7JU5=»*i»ft£ 

sffiffltft. $fe&BB«<a<ois&. aan. aaa. 
atb«. waa^yvaflfttf-eftft. o*y. nsa 

i:aB»afcftftBBffl©^*>*ft43SM:»B»LT 
IMtCfctflWCftft. 

[oo2 7] aaaai:ft«aan«(da'cftftad 
i*. *©&a£Wjfc*ftx»±T©$a-<:*'>«Bs. ! « 

Cufc*<DBB*fi9«SI*. ^ttaBBtXCBiltfa 
»7;US-^i.&i8Bffl©E#£ft**C©»«;!<-l*T 

*>-<. &eu. asaaaatf. saatftftaaira 
fi©teii&8* aa Lfc j: 3 fts&©«si*. aa*»* 
B©**>£*ttas«4y=a«*i*ftr£if-ct,j:o. 
ftftOto. ±a»a««aatt4«9 5 96ia±«>«6i= 
i*. BBa*i=i*ia»BB'f*>«»»«ti-«r=itxf 
jsivBAtf. ^a«aa<oaai:»a$Hftaco(Si£ 
tt*< i HaaaTo a i - c waaaaac 

I*. WB»*l=(3:7;U5~«7AS^^-ftl8««a<0* 

caa ur aittf <t u<o.-e ft ft. 

[0 0 2 8] WBSWfiLTI*. «*«^K?X^U 
•>yWh CTEOS) <0HQ7k»«l-J:ftaH«rai{S 

(BSJfe) T?»fceS 1O-30On mO)«a»»-> 'J 
*«t^(0. tt^•H±<0«aa)ftt^S»tt<D»)l3a^•$ 
«BtftCiA<a*U^. SfBWirfcHTI*. BBBi: 

aft»eaaLftt»fcft. aaaau*aftaaoaR 

©j4«85fi2*tiftCtA<ft<. ®®wm*b&®b<Dm$ 
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IMM<£C«.. C©K9. BBfflSW-irL'tttBaa©!* 

wwasttft^swi^cfcir^y. $Bfflsffi-©«© 

»ife£*iffli::tt&a-C£$©T?&a. Jtffi««Bi*©->ya 
fa*KWei*. 7iUS-'?A. f i?;U3-«>A<D 

<b**>«lTF. »tti?;u3=7S?©»<b«ja* <*;H* 

fttt*S: lOnmrlOOnmgg) Sffl^T^OW 
fc*>\ BSBirLTttfcS/ys:/© 

y*iB?i#h.$) *mi*i>zht*itet>tttbht<. wir 

7/US^ffi<bt*of;*bA^&IBB?rB©'*4i8a©<8 
COO 2 9] BecteaaBISBBBKBliTI*. sre 

$*>y*B*©8ffil::B»U -fe;t,D-X5HF©8<*£ 

attrwBiajteSA<»ittt*. c©ias* warn.* 
ft<B«SBr*©rfc< . •b;ta-x«?©stt*a©B 

[0 0 3 0] £fc. -fe;uo-xs?a>*rtaBJ**i*. BB 

St«»ffi±T?*> 'J 3 >K<tfiHf •> 'J 3 >UitlA. > y 3 

^■UraBBaffBaBJBeattftKBBU *oj-» 
fcEBaBfcttBBL&l*. Z<atzlh. BBBBBBS 
f«II»TI?Hjht. lfRSB»B©WI§£Wl$i|L 

©BBBfcttBfiasri*. BBBBBCBBSBa 
tt*«C&tt<BBaBB$BSL. froTBBMBB 

mzatznMfttt*mzitzzbi>r5it&k%*. c© 

♦BtMrBBa^SBJtaLfcWSai*, TBBMBBB 

Ktt»ofc&ffl->yt»-f h*B*BB 

[003 1] ±B*i8te*rffljgtt*i tri*, *;un- 
XQBcyy -fe y >\>7f y/U9i^-r/^*Hlffl?rtt 
■C&-5. 3tfc, C©a2©*eS<OS|J8fl»i3l|j(cfcl>Tffi 

ffir*w®sq^ii. gi©»w©t86tfc<s«©s 

Sttffi f 4 Z £ 6<8£ L I*. 
[00 3 2] «T. BffiS^SBL-PO. *«W©»«a«9 

[00 3 3] 

[sawn ibbfrtmM&fmizmmmttofjtLx 
as. ■t©ttS«;-aa4 5o , c©ssx/<y$a5T?A i 

-CuO. S% (SJSOOnm) aBftB*£BL. 



WS*}BBtS£JBBLfc. A l-CujfiKl=fcltSX/< 

•y**'XiLri*A r£ffilV E*Jl*4mT© r r tL 

tz. bt-ci*. ±Eiai=*y»a«*vfc«ax/<-v* 
a i -cuBfi. **w©BBssa«LTWBL. a 

[0 0 3 4] Bft|;. *sft«T?tt«Lfcwaar=oi» 
ramr*. wbbwwbic&im*. *r«**i=«B 
MB^tr* h 9x^1,^7 y *r-f ► (teo 

S) £Jn*tf«LfdS3tBKJ:*itg10-4 0nmB 

»->y*a^*B*{c««*'tffc*iti/y*BfBa$B 

BLfc. BS*ia-?<kLTfflUft->y*B^©iBStti 
OwtHiLfc. C©«*»tti/y*WB;'B©«gtti. 0 
7cP (1. 07x1 0"3pa • s) V&itz. *<t>ti 
•>y ftBSBCBBBB. fctlM**aSft?eBJB*- 

«cfci=*v. isssicfflffl-r^wsia^waufc. 

[0 0 3 5] Bl0>BBBfcLT. ±ffi«Wt->y ABB 
BI=BB7^B-*»ACBBL. «B»BB*tt5/y * 
WffliBSHBLfc. BB7;US-«7A»8I*1 0-3~ 

iwt«©8fflf)tL. «fi«l:»0. SwtHTfe 

WB7^5-'>x k ©BtoTBSB««l*S. 09c 
P (S. 09 x 10-3p a • a) KigflOLfc. tUh 
*>. DWmmzWmT to* -tAZXtathZ 

it?. ^A->y*B*€-»B«-ttTBBB«aS4. 5 
B8B*t<«*TBi«fc. 

[0 0 3 6] $fc, S2©B©iatLT. ±C*tt!"J 
aWBiSK-tr/uo-xSiSttJU B$^BB4>tt&'JA 
»Sifi£BBLfc. -fe;ua-xaa»* i 0-6-1 0-1w 

t %©BBrt t l. aawi-i*4. 7 x 1 0"3 W t 
&&. c©-t;uQ~x©a/HnrwBjBttffiit5. 4 C p 

(5. 40 x 1 0"3Pa • a) CBftLfc. 
•>y *B7aBB»«rBBBBBC BBBBAt < * 

coo3 7] ui±©»iai;»2©B@B$ttfflur. 

A I ~CoB$aBI=*t4BS«gta«©WBSff-3 

fc. fflfflLfcB®afii*tt*ay©t©T?fcy, wa/< 
7 K*s*ywBaa©iaH£aa$3 s r P m. bbb© 

WBBffitte 0m l Lfc. 

[0038)011:. asaai:&if-rsrBi£7}©^B 

fc. GB2I4, WBE*A<0. 4kg/cm2 
2©WBB*fflt\rWBtft;tS^©. t^a-xB©: 
tt-r*W8«S©»?Mt£*-f0-c&$. -b^.a-AB 
SA< 1 0-6- 1 O-'w t %©SBI5ilWCI*. BBBS 

wo. 2jim/mi nr-erfty. -tr^a-xaai- 

»-r*WBBa©tt??ttl*^&4t«:».^ C4xl*Bi©W 
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4*B8¥ 1 1 - 1 1 1 6 S 7 



1 w t %a£BBBfti:£ktrii. aaaeica»7;i, 
*is^>y *a»aic?Aa«Ra^rBH#*sa»j u 

10 0 3 9] Sfc. ±E7^5-->ASlO!>BISttt8iI 
K. **W>»1. S2(0aBaSffll,*TvU3:/K<t 

mtm+ssmzirotz. -twaa. aM7;ts='7 

B<oaBS8tt7;U S -^ABoafcCJtt io»(01« 
1. m20>aSi8£fflki$C£l::,J:<j. fttOSSfBiSt* 

a**ifc. 

(0040] B3tt. **Bf::£«Bia>aBa (MM 

7;usr.«7Aa»o, affio. swt%> . &uB2a>a 

(-tr/HJ-xaHo, MS4. 7 x 1 o-2w t%) £ 
Hive A I - Cu£*EW8$(Tofc*IS(D£S4*£. 

nam oasiia) ittaLtseg-e&s. ®3<o 

filt«<DillStt. *BBaaa«<*<t»B-eaffl.feBtt 
BMBBB6<BttLTktttt.t*A) -pfto 
fc. B3*U. »SX't?*aBBtt«>A I -CuM 

si-tt^T, ^-r*i0waa$fflt^ = isd-cia*:7% 
8an}$4<**i». cHtt. aau*yA i -cui 

ano4:-b;ua-xajfflStt«f*i:. 3 00nmttifi-C 

i*-trjuo-xisto*tt->y*wea$fflt>fc7^5affi 
©fi««*<«BM7;u5»*i*ttwaiffiictt^r i o%iai 
.taw**** < . wsaa>r;usas(OiF»iii=*y 

<t$t*f=«&-et. i o-6~ 1 o-i w t ttaaasan 

(004i] zozitz. MB7*sSB4>tt&' l J*B 

aa*j:tf«*a-;iaa*tt$' | jftBBa(:ii. a* 
©«sa»c * *ir i^=is»<t*iR*s?<oM<t« s $ 
»Lrt»«:i^fc3s»ft. ae<t>i:aaaai=aaM(tB 
^&«*M<tH6<jB*?*i.-6ctf*«i^ *fc. aaa 

A«*Bl?fcactA^aBBA<«Bai=a»y*Ci:tt 

tti«o-ca«. *&i=, a'j>tti*»aaaa¥sai«r 

l^ctT. aBBaffiC3ffla£$|q>sMLT:i,>*arcft 



9«»&aittt7/U5='7A-CI*«< 0. SWOBfcS 

ALfcA i -cufi4tfcr>t*<. sioaaaicaftj 
^<oa«aa$attiL-eaaa«BBu 

(004 3] *SJHWcaB«&tLfc < fc5<fB 
tfii&^BE*StSigl=fc^-ct*. Bf»tgaffi£&BIEa£<D 
Bl=, /<y7/?>U» (fi>Jil«a$»nm^?,«1 On 

*ica<. a«tBnBBB^BB-r«Bin<DBBaBB 
mvt < y 7 > * ;u® fca®*- S c fc ic<t /< y r 

> £ /HBoaSC J: &BBtt&0!>BBI*aBMa fc U f> 
(004 4] 

(sa«2] ±ffl»affle>nicj3tvr. *a?sa>a»a 

aur*. sstLfifcSBoas. &*tfBMttani:: 
«r «&HB(oa«5?aj6<Bi(i6-efey. asaoaa-c 
<»«a± Awwai* s c t a<is e. fc * o fc. l l tt 
aaaaM!=ttaa^a>at^#^L. a@<o 
ai?i:»-t i>aa^tt<o9ai£?ttaaaataaaa«< 
sou-y. -75rfiffiBaa<oaa±«)w«j^afyitt 
BBir»-r-i>affiti-ctt«aB»7-stti»aaMa4i-t 

l^Ci:i*lMLf=. «±£#ffi* a«a;sMa 

BaBaBBM^ 6 awgikaaxB-ca&acB t r 

t>S, &BKa®©l3db$¥«<kL. $fc 

fSfi««e^s8±o&@K<73* < <o88»saat sia-oa 
y. aBBttoaaa*«fi«*«>&H«. s/i«taa» 

*Bm-r-6affi«f@x8-c<oaffli=auru4. cox 
BT?i*. waicfcit6aa«it. fc^r/aaaa^roa 

(0045] -tC-C. BaW2t?»*. lUf77"tL 

R2^7v7'ti -e^aa^TFajoasa* ai^fcaa 
wesmv *f > i:gi*tt*»3xxv^t Lra,^x 
asfrt*. iu±(o-a<Dxauj:ya«>^aBiE»« 
»aLfc«5*aa^*. 

(0046] *£&a-oaai*:ae£BroB8g&(34 
izmr. *saai=jsit«wex«ij:. ±a<oay3o 
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ft^ii/ CfcBB Uz 3 OfflfflBXf-vHLtfe 
U. S1W8X7— 0t»l*4«B<DKB8*Ki*r4 
¥*Hfc8JSxa£. I28l8^f-i * 2 OTIiBIBIBB 

B£1t5 «5fBAT-vl*S*Mlca- 
©BBfrfctfy, **i-64i±.ffii;W®/<-y K$B*fc« 
BSB 11. 2 1, 3 1. 8fB^ V K 1 2 . 2 2, 3 
2. iarSEMBBBl 3. 2 3. 3 3. BBBBBBBl 
4. 2 4. 3 4ewr*. BBSBBJ:tfBa^<yK 

fctfTt. gfc-tflDBWB'vy KKtt, BBBBBBI: 

SB IS. 2 5, 3 5ttfiB£TA*&LTffB«>vK 
izRft^tv. BBBBBBBA^BBBi 6. 2 6. 3 
6*«»*$Cfcl=J:y»B<D«S*fcl*B»$ff3. 
fcfc. S3«JBZ-r-vlcfclfSlSOi§WI*«BcO 
3fci»T?fcS6<. CCT?l*«fS;fc&<&BB*ffil*Tl>*. 
[004 7J *BttWCtt«tfcWeBBUfc^-CI*. 
Et±C0Sl~S3BfBA-f-^tt. t>fcO0)3Sftfc1± 

B(**?Q-y-2i=BB*4i. ta^aa 

M&ttBCtyBKBi ~B3BflX?-9(=BB«4i 
r38B»BBX8*m\ W8 ■ i5£;***7»©S«j!)< 
7>D-5r-3i::8M**l«. tlT, &X?-v±<DW 
BttBl=*«BB$t*l^*l»B 1 5. 2 5. 3 54L 

[0 0 4 8] asttat u=bbi*. sBai-casiu 
fcs«4sss-rfe*. r<t*3%. a**i:Mia«B 

«BI=3E*50 0nm<Dffita»*«J*LTj3$. -f-Oft 
»«iSH4 5 0'C<DBSX/<y$'&-CA I -Cu 0. 5 
% (S*7 00nm) £afti&*»Sl!gLfcfc©-efc*. 
A I -CudaotfKjSM**,, BBfli &BWca«. 
C©A I -Cu«&B±6BI=tt. T«>E88<0»a£fi 
«Lfc 3 0 0 nmSfi<&affi03i!M<3j*. . 

[004 9] BIT. B4U4srt«Bl. S2. S3WB 
Xr-i ^r«9BBXBCOl«rBB-r 

[o o 5 oj » i BBx-y— i?fcfcit*BBX8»*. a 

ST?fc*. CCTffil^fcWBfcl 61*. WB^tSt^fcU 
TB«*fcJ:$ttS4 0~ 8 0 nmW/'J a«tt*£ 
tt*lc»B3*. S^lriSBTiUS-^ASO. 5wt 

%aitaLfc««aaiiDWBiat?fc5. v^^b^obb 

1*1 0~2 0w t%t Lfc. 88/ KCI*. B«9 0 

-i ooaa (j i s-Affi». uitsw) ©«h»b 

/<? K£Bl\ 8B8ft08Bl 3l=J:yo. 3-0. 4 
kg/cm2 ©HflBEfcepftoLfc. WBJS81 1 fc 
J:tfBB^?Kl 208H8BI*. 3 0-9 0 rpmtt 
fc. *X8l*. $fi©A I -Cu£$8£88&£-r€> 

xa-cfcy. «s<»Baii6^airffis-efc6. zotz 



v KSlffll. $f=SEBl«0 • BBBBaftttT-eBB 

£*toti»$. ia±fl>B«i=*y. 7*s»ba<ioo 

nmlZfcfcfcTfBBLfc. 

[0 05 1 J »2WBXT-vllfcl+*WSX«l*, T 
te/B»i&»B<DB8 £8*8*1 L TiS«Wlc r iu SI$ 
BSWB-f-S, BBft BS88 X8"C 4 . *I8©B 
8826iLTI*. 1 0nm~4 0nm©88i/',l?)« 

i 0-zow t%»B*-ttfctt*ir. ■fejua-x 
$ o. i w t %8»Ufc*B8^»to888£«l>. 
BB'tyK (BB6 0-9 0) 0>8B/t? KT?T8Rffl 
B8BA<8*i**rA l -Cuaa«BffiB8Lfc. C 
©8*a>. <5®W»B<82 3l=*yE|lfti-r^E7Jl*0. 3 
kj/em2 BTOBSafcL *fc8fBSB2 1 . 
W^v K2 2©0«S!H*-f:h.-€ ; *ti 0~4 0 r pm£ 
Lfc. CCT*. BBa'h*lttt?*ftft/<9KfBB 
L. $fc«E««2®teO!>ft<*T-CWB£f73a)l*. W 
BSfcWA i -CudBBic»it«BBBa>^Bttsn± 

*«. *XBC*y. BBQDfl©ftt^a»a*7iUSi 
•7AEB (^vV-T^S-^AffilS) )4<8**ia. 
[0 0 5 2] m3XT-i?II*Jlt*«BXIlf*. BJ2X 
f— l?*r«)WBxaKJ:y»B**lfc. A I - CuIB 
4 ISfWBBK * * <f $8£B® £ *X8l? fc* . 

*xa-eBffl-r«»B;"$3 6 1 uri*«*$»ffl ufc. 

WB/< y Kfc LTI*ffiS6 0fclTfl>ttR/<9 Kf 
ttBL. 81E|)1)0««3 3lC«l:.i>EPflDEAt*0. 3kg 
/cm2 lilT. WBSB3 1 . SfB^-v K<D@l£a4 
O r pmJaT<DSH*T?W8€f7-pfc. ftfc. *X«T?B 
U£gf8*3 6t LTI*. B7KICO. l«vtHiaT(Ot 
«,P-XS?<©#«»#* ' (BBBttM) SiSftOLfci© 

[0 0 5 3] WJt<0-a©8BXBt». BMBBBCB 
4500nmOA I -C u*dA<B»ji$tlf=y-7>> 
SBSJ&lSL*:. :<DA I -CuBBSB<DC3i!bt*1 0 
nmBT-Cfcy. BBttC||T*r^«C4^BB«4t 
fc. 

[0 0 5 4] *BBBlife^TI*, 04f=qt-rj:^|cB 
i^«.B3(0WBX-f-i;tt«u BBSXT—PfflT? 
SBBB-C»«J:5««BBB«BBLfe. L**U fl 
»<OPBBB$BB«SLr. tHfftCfl. B2. 
m 3 OBBXB SfT^1** J: "5 IZ L T t *ft WOWiBtt 

±<HBrfc*. *fc. «u±<»3X8wn-e*BMi=fi 
ssxstts? i fc*t;m 2 <owBx«-efc y . b a ob 

*XSl*»ifl>s*»#«ICJ:oTt,ai>. 
[0055] 

[«W(OJai«] tt*fl>ftBWBIc*jt»ri*. BBSiBft 
B*«»»BIS p HB»SI*>»fbSiJ$aftj tfcBBiSS 

y, BBU^y«BaS(cC9£>«<B±-r«. $^i:BB 
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{0 0 5 6] *«BJI=J:*llf. *tt«fS»=Bf 

fc. &€.A»u*)aa*ttr:wswa:^-T?ittffi 
*aa*»s* hzt vw-miz&htz&mm t a/a 

[0 0 5 7] *fc, 8»&*aiBE8cD©i«Kisi,>T 

I*. SlOBfSXStLTl8)BH«ii6fflHi?SfflSffl^fc 
¥8<tSf®$m>. S2{De»fflX8£LT«tSS#*i8 

mmmmimwzn&iRBtmmmxmm zt\za 

[0 0 5 8] JeLfc©«££. SSUfc^-»K«fl)»S6 
tfSJfi&fcfcy, B0ffattft<SL<ffl±?fti:O?HV 

aa£BF0EA0>Hft$$r0:i*fc«. 

[02] ^wrofflarows^tD^ras^aatA 

I -CuS&ffi<O«SaffiOTMtt£*+0rfcl.. 
[0 3 ] *ft9H=SFS»C * yiSLl:AI-CuS6 
<OS!MS$*r0-C&*. 



[04] *«ssi-.fci>sa;a*Et8»iS9tB:s&£*r 
[05] m<i>w®mmzniT®vs>h. 

[06] «£#(0««>Ji*E«»«iaS«f XfESrffiB 
[07] tt*<OWS»ai=*5lt*W0^'y KMKXDB* 
[ft#<Dl!iW] 

i 

2 a— jf- 

3 7>a-y- 

10 Sfi IBxf-i? . 

2 0 »2«SXT-i? 

3 0 13I8Xf-i? 
11. 2 1. 3 1 

1 2. 2 2. 3 2 PB'vt; K 

1 3. 2 3. 3 3 ffi&Sfim®® 

1 4. 2 4. 3 4 WSSW^Qta 

1 5. 25. 35 

1 6. 2 6. 3 6 SfSS 

6 1 £«[ 

6 2 TfflEtS 

6 3 SfffltettlB 

6 4 trr*-;!, 

6 5 



[0i] 



0.2 

I 

1 0.15 

IN 0,1 



0.05- 




0 0.1 0.2 0.3 0.4 0.5 
WmEEJl (kg/cm 2 ) 



0.5- 

1 0.4" 
6 

51 o a- 

£ 0. " 



[02] 

~i — i — i — i — i — i — i — r 
SF^EA : 0.4kg/cm 2 



j — i — i i i i i . i 



i" 9 10~ 7 10~ 5 10"* 3 10" 1 
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[S3] 



Cnm3 



[ISIS] 




MAyi 




OA 



ttttffl 

E 



2 



Bf»fi«tt» 



•<pH7 
•=pH7 
->pH7 



[04] 

lO»i»»X*-0 20S2H*Xx-i> 30«3ffi»*r-i> 




[07] 



! 
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